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PREFACE 



(i) In May 1965 the Water Resources Board were asked by the Minister of 
Land and Natural Resources to examine and report upon the following matters in 
respect of possible barrages across Morecarabe Bay and Solway Firth: - 

1- the feasibility and probable costs of construction; 

2. the yields and qualities of water which would be made available; 

3. the demand for water, and the rate of growth of that demand, in areas 
which might be supplied; 

4. the arrangements necessary to distribute barrage water; 

5. the delivered cost of treated or partially treated water; 

6. other possible sources of supply in relation to the demand at 
(3) above and the costs of their staged development. 

(ii) Sir Alexander Gibb and Partners and Messrs. Babtie, Shaw and Morton, 
Consulting Engineers, were appointed by the Board to carry out the investigations 
under items 1 and 2 above in respect of the Morecarabe Bay and Solway Firth 
barrages respectively. Restrictions upon capital expenditure imposed shortly 
after the consultants had submitted detailed proposals made it impossible to 
proceed with the full-scale feasibility studies of the barrages. Instead, the 
consultants carried out preliminary desk studies. These, together with a cover- 
ing report by the Board, were published by Her Majesty’s Stationery Office on 
26th January, 1967. On the same day the Minister of Land and Natural Resources 
announced in Parliament that he had asked the Board to proceed with a full 
feasibility study of the Morecarabe Bay scheme. It was estimated that this would 
cost about £500.000 and would take about 3^ years. Work on this study is now 
proceeding and will be completed in 1971. 

(iii) Investigations under items 3-6 of the terms of reference required the 
study of the likely demands for water up to the end of this century for the whole 
of that part of England north of a line from the Mersey to the Humber and of 
possible sources alternative to the barrages which could meet those demands. 

The Board therefore convened a meeting in September 1965 with the clerks and 
chief engineers of each of the river authorities in the north of England, namely 
the Northumbrian, Yorkshire Ouse & Hull, Mersey & Weaver, Lancashire and 
Cumberland River Authorities. At this meeting it was decided to set up a work- 
ing party (to be known as the ‘Northern Technical Working Party’) comprising the 
chief engineers of the five river authorities and representatives of the 
corresponding Area Committees of the British Waterworks Association, together 
with advisers from the Ministry of Housing & Local Government, the Central 
Electricity Generating Board and the British Waterways Board, to report to the 
Board on items 3, 4, 5 and 6 of the above terms of reference. 

(iv) On the fringe of the study area account had to be taken of the 
possibility of planned expansion at Humberside. Development on the south bank 
of the river would call for the provision of additional water supplies in North 
Lincolnshire where local resources are already near to exhaustion and industrial 
demand is increasing rapidly. It was therefore decided to consider the future 
requirements of North Lincolnshire together with the Humberside development as a 
possible new export demand upon northern water resources, The Lincolnshire River 
Authority engineer was invited to attend the working party to advise on these 
requirements . 
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(v) In considering the demands and resources of the north west of England 
It became apparent that the resources of the Liverpool Corporation water under- 
taking and the Wirral Water Board could not be assessed properly without reference 
to the overall resources of the Dee & Clwyd River Authority area upon which those 
undertakings have become so dependent. It was therefore decided to extend the 
study area to include the Dee and Clwyd area and to invite the River Authority 
engineer and a representative of the British Waterworks Association Area Committee 
to join the working party. The complete membership of the working party is shown 
on pages v, vi and vii. 

(vi) In 1966 various local authorities and government departments, including 
the W'ater Resources Board and the Dee & Clwyd River Authority, formed a Steering 
Committee to study the case for a crossing of the Dee Estuary, and consulting 
engineers were appointed. Investigations to date have shown that there is scope 
for combining fresh water storage in the estuary with a traffic crossing and 
other services. As in the case of Morecambe Bay, engineering studies are 
continuing and only preliminary findings are as yet available with which to 
assess the part which Dee Estuary storage might play, alongside other estuary 
works and inland schemes, in the water resources pattern of the north. Studies 
of the Dee Estuary seem likely to reach completion at about the same time as the 
Morecambe Bay studies. 

(vii) Preliminary assessments of demands and available resources showed that 
in parts of the north demands on statutory undertakings already exceed reliable 
resources and that, after allowing for the additional yields authorised by the 
Manchester (Ullswater and Windermere) Order 1966 and the Tees Valley and 
Cleveland Water .Act 1967, demands would overtake presently authorised resources 
over much of the area during the 1970’s. In view of this the Board thought it 
desirable to make an interim report intended to serve as a basis for action until 
the working party had completed its investigations. This Interim Report on Water 
Resources in the North^ was published by Her Majesty’s Stationery Office in 
August 1967. 

(viii) The members of the working party are grateful to their authorities for 
allowing them to serve on the working party and to present this report to the 
Water Resources Board. They would also like to thank the statutory water under- 
takings and other organisations who have gathered and presented information for 
the use of the working party. 

(ix) The opinions expressed in this report do not necessarily represent the 
views of all the members of the working party and cannot be taken as committing 
any authority or organisation to the courses of action recommended in the report. 



I. Seferred to subsequently as 'the Interim Report’ 
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NORTHERN TECHNICAL WORKING PARTY 
Report to the Water Resources Board 



CHAPTER 1: INTRODUCTION 

1. The area of this study is delineated by the six river authorities taking 
part (see Map 1). It incorporates 56 administrative counties and county 

boroughs and it embraces or impinges upon five economic planning regions, as well 
as Wales, whose councils have a close interest in the provision of water for 
industrial and other development. However, we have not identified the demands 
and resources of any local authority or planning region as a unit because many of 
them overlap the boundaries of river basins, within which water use and re-use 
must be considered as a whole, and because we have sought the most effective and 
economic service for the north as a whole. We have, however, allowed for the 
effects of certain town expansions which are under consideration in the regions. 

2. Our first aim has been to establish the likely pattern of future demands on 
the public water supply and the future requirements of those who obtain 

water for their own use from sources throughout the north and to determine what 
additional water supplies must be made available to enable all of these to be 
met. This is not simply a matter of adding up individual needs because much of 
the water used can be water previously used in the public supply or by 
industrialists and discharged as effluent to watercourses. 

3. In assessing the future needs of public water supply we have not allowed 

for any passible restriction of supply or limitation of demand (for instance, 
by the price mechanism) nor have we tried to compare the benefits of an 
unrestricted water supply with the benefits of spending public money in other 
directions. Expenditure per capita on water supplies is small in this country 
compared with expenditure on many other essential services and most people 
probably consider it modest in comparison with the convenience of an ample supply; 
moreover, the developments studied in this report do not presage any radical 
change in water costs. 

4. There are, broadly, only two known ways in which continuous supplies could 
be made available to meet demands. One of these is to store fresh water 

when nature provides it in abundance; the other is to de-salt water from nature’s 
great store - the sea. The latter is under continuous study by the Water 
Resources Board and is outside our terras of reference^ . But it can be said that, 
on present knowledge, it would involve immensely greater expenditure than the 
storage and treatment of natural fresh water and, like the latter, would involve 
major problems of amenity. 

5. We have tried to assess all the practicable ways of augmenting the region's 
water resources by storing fresh water and to compare the effectiveness of 

various overall strategies for meeting future need. Our terms of reference did 
not extend beyond the limits of the region - say, into Scotland - and in any 
case there are no physical or economic obstacles to meeting requirements from 
within the region. The problems are those of social priorities and these are 
unlikely to be overcome by transferring them outside the region. 



1. Details of latest cost estimates of various desalination processes have been reviewed in ff.Jf.A. 
Technicai Paper No, 60, 1967. 
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Printed image digitised by the University of Southampton Library Digitisation Unit 



6 . 



The aim of water resource studies in the past has been to identify and select 
schemes which would match the needs of a particular water undertaking or a 
group of undertakings. In this regional study, however, we have not sought 
sources adapted to the individual needs of existing undertakings but have tried 
to determine programmes of development which will most economically serve the 
region as a whole. In order to operate such an optimal physical system certain 
changes in the organisation and administrative control of the water supply 
system may be necessary. In this connection reference is made at the end of 
Chapter 5 to certain problems arising from present statutory obligations. 

7. Hie region is not entirely isolated in respect of water supplies, and trans- 
fers particularly from the north to regions further south may well increase 

in future decades. It is our view, nevertheless, that the region delineated for 
the purpose of this study can be effectively planned as an organic whole for the 
period to 2001, possible transfers across its southern boundary being dealt with 
as special links between this and an ad]oining region. Some of the implications 
of increased transfers have been examined and reference is made to these in 
Chapter 7 of the report. 

8. There are many possible new storage sites in the north, including estuary 
sites, and the combinations and sequences in which they could be used are 

very numerous. Dur analysis is designed to take account of the comparative 
merits of all these possibilities but only a few development ‘programmes’ can be 
explicitly set out in this report. \'ith these, however, we have sought to 
illuminate the more significant choices in water strategy for the north as a 
whole and the comparative costs of following one course rather than another. 

The social advantages or disadvantages of any course must be weighed against 
these costs. 

9. Apart from the analysis of costs, there is no objective way of making 
comparisons. It may be thought that more thorough-going cost/benefit 

analysis would have enabled us to widen the field of objective comparison. 

Although the estuary studies may prove to be an exception, we consider that for 
the generality of schemes the tools we have to hand for measuring supplementary 
benefits of any kind are altogether too clumsy to identify the advantages of, 
say, one reservoir site over another. In any case such differences are not 
likely to be significant in monetary terms, bearing in mind that - given our 
basis of estimate - differences of I'c or 2“^ in programme cost are probably with- 
out meaning. 

10. It must be remembered that detailed studies of hydrology and water quality 
together with surveys and site investigation will be needed to assess and 

design schemes in detail and that individual yield and cost estimates used in 
this report - particularly those of the estuary schemes - will be subject to 
review in the light of these. Furthermore, the study of local water availability 
and quality in rivers which are subject to repeated industrial abstractions and 
effluent returns is one which will exercise individual river authorities for a 
long time to come. Tlie same is true of the determination of acceptable flow 
requirements at particular points for the health and amenity of each river and 
hence of permissible abstractions from rivers. It is not to be expected there- 
fore, that individual schemes will turn out in detailed accordance with our 
assessments. 

11. In addition to these uncertainties our estimates of the growth of demand may 
prove to be materially in error in location and/or in time; our' economic 

assumptions (discount rates, price relationships, etc.) may prove inapposite- 
and attitudes to amenity and recreation may change appreciably over the years 
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Nevertheless, we have tried to frame our assumptions and analyses so that, as far 
as possible, valid comparative conclusions can be drawn. 

12. Both long-term forecasts of water needs and any plans which are evolved to 
meet them will be subject to repeated review and adaptation as time goes on. 
Nevertheless, plans must be made with an eye on some long-term estimates of 
needs. We believe that our estimates together with the other information we have 
assembled and the further site investigations called for will provide a valid 
basis for the comparison of regional strategies or framework plans within which 
river authorities and water undertakings can formulate detailed proposals. The 
survey of the resources of their areas and the evolution of suitable plans of 
development is of course an essential function of river authorities under 
Section 14 of the Water Resources Act 1963. 



Chapter 1 
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CHAPTER 2: DEMANDS AND RESOURCES OF STATUTORY WATER UNDERTAKINGS 



His lorical 

13. The existing conservation and distribution arrangements in the north 
developed mainly from expedients appropriate to the technology and economic 

attitudes of the nineteenth century. Until the early years of that century the 
water user, whether as householder, farmer or manufacturer, looked to nearby 
springs or wells or to the relatively unpolluted rivers. In relation to the 
readily available resources, domestic and industrial needs were small. Storage, 
where it was needed for mills or other works, was a simple matter which hardly 
affected the river flow. 

14. As manufacturing processes became more complex and the numbers of people in 
the industrial centres grew, local wells and springs became inadequate and 

the rivers and streams more heavily polluted. The needs of the towns made them 
look for supplies from storage, and the obvious sites were those in the uplands 
near to them, from which water could gravitate through pipelines. By the second 
half of the nineteenth century, large reservoirs and supply systems had been 
developed in many parts of the north. As demands continued to increase almost 
every water catchment in and near to the developing centres of the region came 
into use to supply the towns by means of reservoirs and piped water mains or to 
satisfy the needs of riparian owners. 

15. It therefore became necessary, particularly for the large cities, to look 
further afield; Liverpool, for instance, turned to the mountains of North 

Wales and Manchester to the Lake District. There water was available in large 
quantities, and excellent opportunities existed for storage at high level. 
Manchester Corporation, whose experience is in many ways representative of that 
of other large northern centres, became responsible for bulk supplies to other 
undertakings when it sought authority to develop the Thirlmere catchment in 
Cumberland, raise the level of the lake and construct an aqueduct to link the 
new source to the city. Parliament required that Manchester should supply water 
on demand to any other water undertaking within the vicinity of the route of the 
aqueduct. Again, when Manchester was authorised in 1919 to acquire Haweswater 
and adjacent areas in Westmorland, further and wider obligations were imposed; 
and any water undertakings within the vicinity of the Tliirlmere and Haweswater 
aqueducts or whose limits of supply adjoined those of Manchester were given 
rights to reserve bulk supplies. 

16. In much the same way other undertakings with the staff and technical 
resources to exploit large storage projects in remote areas became respon- 
sible for bulk supplies to others and major water conservation projects were 
promoted to meet the growing needs of combinations of water undertakings. On 
the eastern side of the Pennines Sheffield, Derby, Nottingham and Leicester 
combined as long ago as 1899 to form the Derwent Valley Water Board to develop 
supplies from the Derbyshire Derwent. More recently in 1961 Sheffield combined 
with Leeds, Barnsley and Rotherham in a scheme to abstract water from the 
Yorkshire Derwent at Elvington near York. 

17. In the examination of some of these proposals the possibility of even larger 
groupings of towns combining in major projects has sometimes been canvassed. 

Sources in the Lake District were suggested to help meet the needs of Liverpool, 
Newcastle, Manchester and even London as far back as 1866. When in 1962, 
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following the rejection of proposals to use Ullswater for water supply, a con- 
ference on water resources in the North West was set up under the chairmanship 
of Lord Jellicoe, many suggestions were examined including the wider use of 
water brought from Wales for Liverpool. 

18. A corollary to this trend has been the reduction in the numbers of water 
undertakings in the region in recent decades. The process of regrouping 
has reduced their number from some 300 in 1950 to 82 and is continuing. 



Present Statutory Water Undertakings 

19. \t 31st March 1968 there were 82 statutory water undertakings supplying the 
area. Hieir limits of supply are shown on map 2, accompanying this report. 
Tliey vary in size from the largest supplying over 120 million gallons per day 
(m.g.d.) in 1967 to the small rural district council supplying only 20,000 
gallons per day. The twelve lareest undertakings provide about 60% and the two 
largest undertakings about 25% of the total supply of 916 m.g.d. The consumption 
per capita in 196, was 61.5 gallons a day, which is higher than the national 
average of 55.. gallons a day owing to a higher demand by trade and industry. 

The domestic consumption at 35 gallons a head (which includes distribution 
losses) is just below the national average of 36 gallons a head. 



Growth of Demand 



20. ;\s in other parts of the country domestic demand must be expected to 

increase both from an increase in the population and from a continuing 
increase in per capita use of water consequent upon rising standards of housing 
and the spread of water-using appliances. This increase will be accompanied by 
^ increase in demands on the statutory water undertakings by industrial users. 
Ihe undertakings have supplied figures of present and estimates of future demand 
for both domestic and industrial supplies and the Ministry of Hou.sing & Local 
Government have provided estimates of future population migration, planned growth 
and natural increase. The population of the north is expected to increase by 
just over one million by 1981, and by nearly four and a half millions by 2001. 

= by extrapolating previous trends and by 
allowance for planned growth, e. g. Central Laneashire New Town, 
aonro7h'^''d°-''j- ;'°‘'king Party made no attempt to impose uniformity of 

urcho^rln r 7 "“hod they most favouLd. 

Splicrtion of ner"° 77 of total demand trends or 

application of per capita demand trends to expected population growth. 



Demands and Resources 

Lta:d\f :::pe« :rpubiL“N:t:r77:hy"i%i9lri98rrndNlo? 

3 -P-se„t Leverage (hmple intefesti aS al 

orl-tr:v°erager3NVo Ts^n^u 

adopted in the Lter Resource: L^^d'-'R^pTit or^Ja^rS^JJ^es^^lo^^Jtst 
England implied a growth rate of 3.1% between 1965 and 90m S j- 

implied per capita consumptions at 2001 for the North and th^ of 

and 80 gallons oer dav ff.v.wx f Aorth and the South East are 100 

and industrial demand' of 49 gallons pTr head i!l th"""\' estimated trade 

30 gallons per head in the .sjuth Eas?" Z^^et -'^retr 
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ic/ Developinent Area by 



there seems no reason to doubt the validity of the higher northern estimate. 
Diagram U of \ppendix III shows the estimated future growth of demand for 
the whole area compared with the actual growth of a few of the major undertakings 
over the past half century. 



23 More detailed information for each statutory water undertaking is given in 
.-Appendix I which consists of a set of tables for each river authority area. 
Table I of each set shows for each undertaking (or the part of an undertaking in 
the area of that river authority) the 1967 demand and the estimated future 
demands in 1981 and 2001. The total demand on an undertaking extending into more 
than one river authority area is, of course, the sum of the parts. The figures 
in all cases have been calculated as average annual demands. 



24. Most demands for water show some variation during the year and the demands 
on some undertakings (especially those serving holiday resorts) show 
pronounced summer peaks. They must have capacity in hand to meet those peaks 
although the average amount they safely supply throughout the year is much lower. 
In this report the resources available to an undertaking are taken to be equal to 
the average supply which that undertaking could provide throughout the year bear- 
ing in -^ind the characteristics of its own demand curve. Authorised resources 
are those for which the undertakings have all the necessary powers to abstract 
water, acquire land and construct works, their yield being defined as above. 

For simplicity in calculating future deficiencies it has been assumed chat all 
authorised resources could be in use by 19.1"^ . 



25. Transfers of water between river authority areas are shown in Tables II and 
III of .\ppendix I. For the future it has been assumed that such transfers 
will continue to the extent that water is available for transfer, and as between 
two undertakings to the limit of any authorised arrangements. 



Effective deficiencies 



26. The authorised net resources for each undertaking are .listed under the 
river authority area in which they occur. The apparent balance of each 
undertaking is obtained by subtracting estimated future demands from authorised 
net resources and the resultant surpluses or deficiencies are tabulated. Since 
it cannot be assumed that the surpluses within a river authority area are 
automatically transferable to offset deficiencies elsewhere in the area, these 
are totalled separately. The effective deficiency in each river authority area 
is obtained from the sum of the individual deficiencies less the imports to the 
area and is shown in Table I\ of .Appendix I. 



1. In practice this asau.-nption is not entirely warranted: see Chapter 5. 
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27. The effective deficiencies, disregarding any un-used surpluses, have been 
abstracted to Table B below. This shows the amounts which have to be made 
available by new schemes or by the transfer of surpluses from one undertaking to 
another. 



TABLE B PUBLIC WATER SUPPLY 
DEMANDS .AND DEFICIENCIES 



River Authority 


Average daily demands 
m.g.d. 


Effective deficiencies on 
authorised resources 
nearest 5 m. g. d. 


1967 


1981 


2001 


1981 


2001 


Northumbrian 


185 


293 


417 


45 


165 


Yorkshire Ouse & Hull 


239 


359^ 


570 1 


85^ 


290' 


Dee & Clwyd 


23 


41 


58 


10 


25 


Mersey & Weaver 


340 


490 


660 


65 


225 


Lancashire 


102 


158 


224 


40 


105 


Cumberland 


27 


65 


93 


20 


50 


Totals 


916 


1,406 


2, 022 


265 


860 



This table includes provision for the possible demands of North Lincolnshire and 
planned development at Humberside on the supposition that these demands could 
not be met from sources within the Lincolnshire River Authority area and may have 
to be met from sources in the north. 

28. The effective deficiencies at particular dates (1981 and 2001) are, of course, 
representative of a steadily growing demand. It must be borne in mind, 

however, that resources are not normally augmented each year but by the periodic 
development of sources. It is therefore usually necessary to have some supplies 
in hand to cover the period while a new source is being developed. 

29. The effective deficiency in 1981 is considerably less than the increase in 
demand (1967-1981) shown in Table B. This is because the yield of authorised 

resources exceeded demand in 1967 by about 200 m.g. d. The extent to which these 
surpluses will continue to meet the demands of the parent undertaking or can be 
used to meet deficiencies elsewhere is discussed in Chapter 5. 



1. IncludinS North Lincolnshite/new Humberside conurbation. 
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CHAPTER 3: 



DIRECT INDUSTRIAL AND AGRICULTURAL DEMANDS 



Overall Use 

30. The early and rapid industrialisation of the north of England owed much to 
the plentiful supplies of good quality water available there. From the 

beginnings of textile manufacture in the late eighteenth century to the rapidly 
expanding chemical plants of the present day a major proportion of the country s 
most important water-using industries has been established in the north. 

31. On the other hand agriculture, and particularly cultivation of crops which 
have a high value in relation to irrigation cost, is of much less general 

importance than in south-east England. Because of this and because of the 
relative abundance of rainfall over most of the area we have made allowances for 
irrigation demand only in a few places - such as the East Riding of Yorkshire - 
and they have been incorporated in general figures of industrial need. 

32. .-\bout 400 million gallons a day of water are supplied from the public water 
supply to metered consumers in trade and industry in the six northern river 

authority areas. some 25^ of it in the industrial concentrations (largely of 
chemical manufacture) on Teesside and Merseyside. 400 million gallons is equiva- 
lent to about 27 gallons per head of the population whereas the comparable average 
figure for the rest of England and Wales is only about 20 gallons per head. 

33. Moreover, certain of the industries of the north have long been accustomed 
to procuring their own water supplies by abstraction from nearby rivers or 

from underground sources. These are referred to in this report as direct 
industrial abstractions and they now require licences from the river authority 
under the Water Resources Act. Licensed abstractions for industrial use 
(excluding the Central Electricity Generating Board) exceed 2000 m.g. d. and 
amount to considerably more than those in the rest of England and Wales. Over 
80% of this is licensed by the Northumbrian, the Yorkshire Ouse & Hull and the 
Mersey & Weaver River Authorities. 

34. Metered public supplies and private industrial direct abstractions in the 
six northern areas together account for about a half of the total industrial 

and trade use (excluding C.E.G.B. ) in the twenty-nine river authority areas of 
England and Wales. 



Characteristics of Industrial Use 

35. Water is used in industry mainly to carry dissolved or suspended matter or 

to transfer energy either as part of the productive process or to dispose of 
waste. .4ny continuing input of water serves to offset discharges of effluent 
together with water evaporated in cooling or consumed in other ways. Hie 
effluent normally carries contaminants or rejected heat or both. It is often 
possible to reject the heat to atmosphere by introducing evaporative cooling, at 
the cost of increased net use of water at the factory site; it may also be 
possible to re-use the effluent for other purposes on the site but unless the 
contaminants can be separated out this will usually lead to a more concentrated 
effluent. 
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36. Unlike the public water supply undertakings, industrial abstractors rarely 
develop major storage works. Tliey are therefore dependent on the run of 

the river* (or on continuous abstraction of ground-water) although they may 
benefit indirectly from the reliable flows of sewage effluent resulting from the 
use of water conserved for the public supply. 

37. It is only exceptionally that industrial abstractors divert water from 
natural watercourses for any great distance; effluents are usually returned 

to watercourses fairly close to the point of abstraction and are frequently 
available for re-use by other abstractors on an inland watercourse. In such 
circumstances increased re-use within a factory, although reducing the required 
abstraction for that factory, may be of general benefit only if it leads to 
absorption, separation or breaking down within the process of contaminants 
which would otherwise interfere with re-use by other abstractors. 

38. For these reasons it is not generally convenient to consider industrial 
abstraction in the terms appropriate to the public water supply - as simple 

totals of demand which can be compared with the reliable output of specific 
sources. On the contrary, it will be necessary to analyse the needs of riparian 
industry in relation to the services which a watercourse can satisfactorily 
perform from point to point along its length, taking account of water quality and 
temperature and of both abstractions and effluent returns. Tliese complex 
investigations will call for the acquisition of much new data and will be a 
continuing task for river authorities in the future. 



Net Industrial Demand 

39. Meanwhile as an expedient industrial areas have been divided broadly into 

(a) coastal and estuarial strips where there will be little opportunity for 
successive re-use; and 

(b) industrialised river valleys where industrial abstractors may benefit 
from new discharges of sewage effluent and where increases in the net 
use by a succession of abstractors may be small or even negligible in 
comparison with such discharges. 

Balance sheets in the form of residual flow diagrams’ have been prepared for 
certain of the latter and are given in Appendix II. 

40. In the Interim Report it was suggested that direct water abstraction by 
industry in the north in 1965 (including C. E. G.3. ) was nearly 4000 ra. g. d. 

gross (approaching 300 m.g.d. net) ^ and that new net demand by industry, making 
no^allowance for the re-use of sewage effluents, would rise from 64 m.g.d. in 
1971 to 444 m.g.d. in pOl. This included an allowance rising from about 30 
m.g.d. in the early 19 1 0 s to nearly 100 m.g.d. at the turn of the century for 
evaporative losses from C.E.G.B. power stations sited on non-tidal rivers. It 
seems likely that these inland stations can be located close to electrical load 
centres in the industrial valleys referred to in para. 39. 



1, Total lie. 



! at 30th Sapteaber 1967 together 
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TABLE C 



INDUSTRIAL WATER USE 

(INCLUDING AGRICULTURE AND CENTRAL ELECTRICITY GENERATING BOARD) 



Ri ver Author] ty 


River or Area 


Typ.^ 

of 

industri al 
zona 


Licensed^ 

total 

quantities at 
30.9.67. 

neares t S m. g. d. 
equ i val ent 


Net Use 
facto r 

percentage of 
gross use 




Tyne/Coquet 


a 4 b 


50 


15 




Wear 


a 






NORTHUMBRIAN 


Tees 


a 


30 


95 




Abstractions from tidal 
waters 


- 


2135 


- 




Al re 


b 


190 


5 


YORKSHI RE OUSE 










Don 


b 


490 


5-10 




Other areas i nclud i ng 
tidal waters 


a 4 b 


900 


- 




Dee including tidal waters 


b 


90 


70 


DEE & CLWYD 






15 

5 




Other areas including 
tidal waters 


b 






Mersey 4 irwell above irlam 


b 


880 


less than 5 


MERSEY S WEAVER 


South East Lancashire 




400 




Wea ver/ Dane/ Gowy 


b 


90 


less than 5 




Wi rral 4 Liverpool 


a 


80 


100 




Lune/Wyre 


a 4 b 


160 


5 




Ri Dbl e/Calder 


b 


65 


5 




Douglas 


b 


25 


5-10 


LAN CASH! RE 


Fylde coast 


a 


15 


100 




Other areas 


a 4 b 


80 


_ 




Abstractions from tidal 
waters 


- 


17 5 


- 












CUMBERLAND 


Eden 


b 


80 






Other areas 


a 4 b 


5 






TOTAL 




7060 





1. a - coastal or estvarial strips 
b = industrial river 

2. Includes abstractions from tidal waters not included 
in the Interim Report. 

Equivalent daily quantities are taken as total annual quantity 
divided by 363- 

Actual daily use in 1967 is estimated at approximately j of the 
licensed qvanti ties. 



13 



QiapCer 3 



Printed image digitised by the University of Southampton Library Digitisation Unit 



41. We have now concluded that in these industrial valleys - principally the 
valleys of the Aire, the Calder, the Don, the Mersey and the Ribble - new 

net industrial demand, including that for power stations, is likely to be 
entirely met by net additions of public sewage effluent although in a few cases 
such as the Dane/Weaver system special measures will be necessary including new 
local storage schemes given in the schedules of resources in Appendix IX. 

42. The remaining industrial areas - principally the coasts of Durham, 

Flintshire, Merseyside and the Fylde - account for the residual deficiencies 

adopted for the purposes of this report and indicated in Table D. They amount to 
about 50 m.g.d. in 1981, growing to about 100 m. g. d. in 2001. Two other coastal 
areas - Humberside and West Cumberland - may similarly be areas of considerable 
net industrial use but in these two cases generous allowance has been made in the 
estimates for public water supply. 

43. The outcome is that the net demand figures listed in Table D have been 
allocated to six of the thirteen demand districts identified in Chapter 5, 

being added to the estimated future public water supply deficiencies of those 
districts. These district deficiencies are used later in this report for the 
regional comparisons of resources. 



TABLE D 

DIRECT INDUSTRIAL ABSTRACTION DEFICIENCIES 



Demand District 


Net Deficiency - m.g.d. 


River Authority 
Area 


1981 


2001 


Newcastle 


3 


6 


Northumbrian 


Sunderl and 


2 


4 


Teesside 


13 


30 


Flint/Denbigh 
(Flint Coast) 


13 


28 


Dee and Clwyd 


Chester 

(Wirral Peninsula) 


1 


2 


5 


15 


Mersey and Weaver 


Fylde 


7 


18 


Lancashi re 


Totals - 

To nearest 5 m.g.d. 


45 


105 
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CHAPTER 4: SURVEY OF POTENTIAL RESOURCES 



Overall Resources 

44. Over the whole of the six river authority areas of the north residual rain- 
fall - rainfall minus evaporation and transpiration losses - averages about 

15.000 million gallons per day. However, the minimum natural flow in rivers and 
underground strata, together with contributions available from man-made storage, 
is assessed for practical purposes at some 2,500 m.g.d. , about a half of it 
contributed by releases from storage. 

45. Tlaese flows are at present affording the continuous supplies to the statutory 
water undertakers, industry and agriculture referred to in Chapters 2 and 3 

as well as providing the residual flows in the rivers. Total present abstractions 
alone exceed the combined minimum flows and this is possible only because of the 
re-use by industry either of industrial effluents or of effluents resulting from 
the public water supply. 

46. Residual flows are required to maintain outfall channels, for navigation, to 
dilute effluents, in the interests of fisheries or for amenity reasons. 

Assessment of the minimum residual flows required for all these purposes is a 
complex problem and no formal determinations of the minimum acceptable flow (in 
accordance with Section 19 of the Water Resources Act) have yet been made by the 
river authorities. By and large, however, it is considered that dry weather 
flows cannot be reduced appreciably below their present levels without injury to 
other interests and any substantial increase in continuous supplies is contingent 
upon the provision of further storage. 

47. The usual way of providing such storage has been by flooding valleys to form 
reservoirs - existing impounding storage in the north aggregates about 

150.000 million gallons or about 3% of average annual residual rainfall - but 
there are also possibilities of storing water in estuaries near mean sea level 
(for example, by estuarial barrages) and of developing storage in underground 
aquifers by intermittent or variable pumping. 

48. Regardless of the form which the storage takes it enables water to be held 
over from times of plenty to drier periods and, in conjunction with a catch- 
ment area - a river system or an area of ground receiving percolating rainfall - 
it enables a continuous supply to be provided. After use such a supply may be 
discharged to a river from which another user abstracts water downstream. In 
this way a single source work may guarantee two or more supplies and the primary 
yield of new storage works may thus be somewhat less than the sum of the new 
needs that must be met. 



Transfer of Surpluses and New Sources 

49. Before assessing the need for new developments, existing resources which are 
not yet fully used are first considered. In the public water supply sector 
reliable supplies exceed the 1967 demand by about 250 m.g.d. In the industrial 
sector surpluses, or deficiencies, cannot be so simply identified because of the 
complexities introduced by the re-use of effluents, as described in Chapter 3. 

The extent to which the public water supply surpluses may be deployed to meet 
short term deficiencies elsewhere is discussed in Chapter 5. 
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50. Most o£ the information on new sources of supply and schemes for increasing 
reliable resources has been supplied jointly by the river authority engineers 
and the British Waterworks Association representatives for each area. The 
proposals include a small number of schemes which water undertakings have 
thoroughly investigated but the bulk of the proposals have been subjected to 
preliminary desk analysis only and for these detailed site investigations will be 
required to confirm feasibility and costs. The potential developments in each 
river authority area are set out in Appendix IX in two groups: isolated sources 

on the one hand and, on the other, storages which are of regional significance 
either because of their size or because they can be used for the regulation of 
major rivers. 



Isolated Sources 



51. In Part I are listed 'Isolated Sources’. These are sources, usually of 

local or comparatively minor importance, some of which have been under con- 
sideration by a particular water undertaking and are especially convenient for 
that undertaking. They include continuous river and ground-water abstractions 
without storage (in areas where these are permissible), new reservoirs and 
modified use of compensation water from existing reservoirs; they are either in 
river basins which are not suitable for overall regulation or in localities 
elsewhere where they will not sensibly affect the overall pattern of river 
regulation. 



52. Hie developments so listed have been placed in broad ranges of cost of water 
as delivered into an appropriate distribution system. Because they are 
located nearer to the centres of demand they should, other things being equal 
provide supplies more economically than schemes involving long aqueducts from’ 

vieirharr'"''' pneral grounds a percentage of their combined 

yield has been assessed as the likely total development in this category which 

aIoter'‘r“"'ae‘t t the future needs fstimated in 

give^iu Tab“s fbel^r'' “ ™ -- 



TABLE E 

ISOLATED SOURCES 



River Authority Area 


Estimated yields 


to nearest ra. g. d. 


Total potential 


Assumed extent of 
development 


Northumbrian 


28 




Yorkshire Ouse and Hull 


42 




Dee and Clwyd 


2 




Mersey and Weaver 


82 


60 


Lancashi re 


18 




Cumberland 


51 


14 


TOTALS (nearest 5 m.g.d.) 


225 


125 



1 Temporarily 19 m.g.d. - see Appendix IX, Schedule I. 
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53. It will be noted (from Appendix IX) that the schedule of isolated sources 

for the Mersey and Weaver area is much more comprehensive than that for any 
other area. This is because the rivers in this highly industrialised area offer 
little opportunity for major regulation and all sources of supply considered 
have been included in the category of isolated sources. Approximately one 
quarter of the yields so listed comprise additional ground water abstractions, 
mainly within schemes for use in conjunction with surface water. Further 
information about these and about existing groundwater abstractions is given in 
Appendix V. 



Regional Storage for River Regulation and Direct Supply 

54. All other developments (listed in Part II of Appendix IX) have been 

considered in terms of the part they could play in an integrated regional 
pattern of water resources. They could be used to give direct supplies by pipe- 
line to certain areas, in the traditional way, or alternatively to regulate the 
principal rivers of the region, enabling them to support new abstractions down- 
stream. 



River Regulation 

55. In river regulation, the run-off of the river system to some abstract- 
ion point in the lower reaches is made up in times of low flow by 

using stored water. This is usually done by releasing water down the river from 
a reservoir during periods when the natural flow at the abstraction point falls 
below some predetermined rate at which the required abstraction is permissible. 

For any given rate of abstraction such periods are less frequent and less pro- 
tracted in the lower reaches of a river than at an upland reservoir site, so that 
less water is required from the reservoir; conversely a given reservoir is able 
to sustain a greater reliable supply than it could yield by ‘direct supply' from 
the upper reaches. In most cases, moreover, the river course takes the place of 
a portion of the delivery pipeline; thus only a comparatively short section of 
the river (below the abstraction point) suffers an overall loss of flow and the 
length of the pipeline can be reduced. For those reasons, and in spite of 
greater treatment and pumping costs, this technique is preferred in current 
water resources planning and occupies a central place in this report. 

56. The northern rivers which have been considered for regulation have a com- 
bined average daily flow (A.D.F.) of 7,500 ra.g.d. If they were all devel- 
oped equally to provide regulated yields of 33% of A.D.F., supplies amounting to 
some 2,500 m.g.d. would be made available. This would be more than twice the 
deficiency at 2001, estimated in Chapters 2 and 3, eveft without taking account of 
isolated sources or potential barrage supplies. It is unlikely that all rivers 
will be equally developed but it is considered that for economic and other 
reasons the development of any one riv,er system beyond this point will probably 
not be justified. For this reason our yield assessments have been calculated to 
be valid up to this point and in listing storage sites the aim has been to 
include sufficient storage to represent this degree of development on all the 
river systems if possible. Alternatives have been sought and included for single 
large reservoirs whose development might not prove feasible but the schedules have 
otherwise been curtailed once this target has been achieved. 

57. The major potential resources of each of the six river authorities are 
listed in the appropriate Schedule II in Appendix IX. In these schedules 

each river system which offers substantial opportunities for regulation is con- 
sidered in turn. In practice, the lists of potential storage sites are reasonably 
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comprehensive excepting in certain areas, such as the Lake District, wh,ere a 
comprehensive list would be of inordinate length and where the total storage 
represented would go far beyond the above limit of development. It is emphasised 
that this extensive information has been assembled so as to provide opportunities 
for comparison and selection; the process of selection from the schedules, 
whether on economic or other grounds, is described in Qiapter 7. 

58. The storages listed include existing direct supply reservoirs which could 
be used for regulation as well as new impounding and pumped storage reser- 
voirs. During the survey of possible storage sites attention was paid to the 
possibility of using low value land in the coastal margins as sites for pumped 
storage reservoirs. On such sites reservoirs would normally be formed by a 
continuous encircling embankment and would be more expensive to construct than 
storages of similar capacity on a natural reservoir site. The additional cost 
might, however, be acceptable if land of little value to other interests was 
used. Apart from estuary storage, whose possibilities will be covered by the 
major barrage studies, little opportunity was found for such developments in the 
north. Isolated cases which were identified are included in the schedules. 

59. The regulated yields listed include some contributions from underground 
storage - i.e. storage generated by pumping from below ground to sustain 

flows in dry weather, and replenished during wetter periods. There are, however, 
some fairly extensive aquifers in the north - in the Vales of Eden, York and 
Pickering, for instance - which might be used in this way to give supplies on a 
somewhat greater scale. Not enough is yet known about the properties of these 
aquifers or the engineering and economics of these possibilities to give them 
further weight in our present calculations, and it is very unlikely that they 
would make major inroads on our overall deficiencies. More information is given 
about the technical problems, however, in Appendix V. 

60. As listed for individual regulated systems, and within the ‘limits of yield’ 
for each river the inland storages in the schedules would afford a total 

supply of about 2,250 m.g.d. without allowing anything for re-use. The 
disposition of these supplies within the river authority areas is shown in Table 
F, and the location of storage sites on maps 5A, B and C. 



TABLE F 

YIELDS FROM REGULATED RIVERS 
SUMMARY OF SCHEDULES II APPENDIX IX 



River Authority Area 


Possible new yield 
from individual 
river systems 
(nearest 50 m. g. d. ) 


Northumbrian 


500 


Yorkshire Ouse and Hull 


400 


Dee and Clwyd 


150 


Mersey and Weaver 


_ 


Lancashi re 


750 


Cumberland 


450 


TOTAL 


2,250 
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This total would be in addition to the 125 m.g.d. from isolated sources referred 
to in paragraph 52. 

61. The way in which we have assessed the yields available from regulated rivers 
is explained in .^pendix IX. On the basis discussed there, and after making 

conjectural allowance for the residual flow requirements of the rivers, a standard 
linear relationship between effective storage and yield has been adopted for 
regulating schemes on all rivers in the north where the abstraction point is 
inland and above the tidal limit; it has in fact been assumed that the required 
volume of effective regulating storage is 172 times the daily yield to supply 
(Appendix IX, Diagram 3). 

62. It must be emphasised that these assessments of yield are only approximate, 
because of the many uncertainties and assumptions governing their pre- 
diction, and represent the average yield of a sequence of schemes making up the 
overall development of a regulated river system. It may be found that this 
approach under-estimates the yield at early stages of regulation. If this should 
prove to be the case then succeeding schemes may be postponed to a later date 
than we have envisaged (see Chapter 7) but their yield is likely to be corres- 
pondingly reduced to produce the same average for the total development. 

63. The probable yields assessed in this way are tabulated in the schedules 
together with a corresponding unit cost of water in pence per thousand 

gallons. Uiese costs are given as the conservation cost appropriate to the 
scheme and are. the estimated costs of water available in the river at the 
abstraction point assuming that the yield of tlie scheme has been fully taken up. 
These figures thus offer an initial comparison of the relative economy of 
alternative schemes within a river system. 

64. In certain cases an alternative abstraction point may be developed at or 
beyond the tidal limit, by constructing a tidal barrier wit.h suitable gates 

or weirs. At these tidal barriers lower residual flows may be acceptable and 
greater yields may therefore be made available to supply. In some cases tidal 
barriers may add to storage by themselves impounding a limited aniount of fresh 
water, adding further to available yield. Tlie additional increments of yield 
which might accrue in these ways are tabulated against the first schemes in the 
schedules, with a conservation cost based upon the estimated cost of the tidal 
barrier. Combined yields, and costs, for inland storages used in conjunction 
with a tidal barrier are also given where appropriate. It sliould be noted that 
if the order of development is changed from that implied by the schedules, then 
the tidal barrier increments will have to be reassessed for the schemes which 
will be the first implemented as described in Appendix IX. 

65. Summary Table I in Appendix IX collates ail the potential storages con- 
sidered, and covers some of the possibilities of regulation of river systems 

with storage listed under other systems, and possibly in other river authority 
areas. These aiternative uses afford opportunities not listed in the tables of 
individual river systems, but it must be remembered that the available yields 
would be alternative to some of the yields so listed and totalled in this 
suiTUTiary table. 

66. Summary Table I is then extended to indicate the possible range of dis- 
tribution of water from each source (the ‘command’ area), bearing in mind 

the scale of yield and the location of the sources relative to the pattern of 
demand including, where export potential exists, areas outside the parent river 
authority. Tlie estimated unit costs of water from each source delivered within 
its possible command area are given. For this purpose thirteen notional 
delivery points of representative location and level have been chosen, (see Mep 2). 
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In. each case the cost which has been qnaoted is the estimated cost of water con- 
served, abstracted, treated and delivered into notional storage at the 
appropriate delivery point. The basis of the unit costing used in these tab- 
ulations is given in Appendix VIII. 

67. Water abstracted from the lower reaches of rivers will usually be of 

poorer quality than that given by upland direct supply reservoirs and will 
be more expensive to treat. In addition, in certain cases the introduction of 
such supplies into areas accustomed to soft upland water may present new treat- 
ment problems over and above those of treating the supply to potable standards. 
For instance, some industrialists might have to undertake treatment to remove 
constituents which are not detrimental in the public supply. These problems are 
discussed in Appendix IV and allowances have been included where necessary in the 
delivered unit costs listed in the summary table to cover these contingencies. 



Direct Supply 

68. As an alternative to their use in regulating river flow nearly all the 
storages listed in Schedule II could be used as direct supply reservoirs 

from which water would be piped directly to its destination. The yields 
obtainable in this way will generally be less than the corresponding regulated 
yields from the same storage. Nevertheless, because of reduced treatment costs 
and reduced pumping costs owing to use of the natural reservoir head, direct 
supply reservoirs might in some circumstances provide water more economically 
than the regulating schemes listed. They must therefore be evaluated for 
comparison. 

69. On the basis of the assumptions stated in Appendix IX the potential storage 
sites listed in Schedule II have been evaluated as direct supply reservoirs. 

The total supply obtainable in this way is estimated at about 1,400 m. g. d. as 
compared with about 2,250 m.g.d. available by using these same storage sites for 
river regulation. The direct supply storages and yields are listed in Summary 
Table II. Conservation costs have been calculated in the same way as described 
above for regulating schemes and final delivered water costs tabulated for 
destinations within the command area of each source. 



Storage in Estuaries 

70. The following approximate potential maximum yields have been suggested by 
the consulting engineers who have made preliminary studies of estuarial 
barrages: - 



Dee 


300 m. 


Morecambe 


500 


Solway 


600 


Total 


1,400 



For comparison with the inland yield assessments adopted in this survey, 
however, we have estimated the probable yield of the gross storage of 55,000’ 
m.g. in Morecambe Bay at 450 m.g.d. (See Appendix IX, Para. 32). For Dee 
Estuary we have assumed a yield of up to 250 m.g.d., which allows for the prior 
development of further regulated yield on the Biver Dee upstream of the estuary. 
By combining yields from estuary storage with regulated yields from the inland 
storage listed in the schedules it is estimated that overall yields exceeding 
3,000 m.g.d. could be obtained. The estuary schemes are also included in 
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Summary Table I, cost data for this purpose having been taken from the consulting 
engineers' preliminary reports. 



Delivered Unit Costs 

71. Costs are given in the summary tables of Appendix IX per thousand gallons 

of water delivered to each demand centre from all relevant schemes - regulat- 
ing reservoirs, direct supply reservoirs, estuaries, etc. These furnish a general 
guide to the comparative economics of various schemes and combinations of schemes, 
assuming that the incidence of local distribution cost (i.e. distribution beyond 
the thirteen delivery points) will not vary greatly with the choice of source or 
with the pattern of the strategic delivery network. The number of permutations 
of possible sources and delivery patterns is evidently very great and the next 
step must be to select certain sequences of development, on the basis of the 
tabulated unit costs, for more complete comparison of effective costs over a 
period. 
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CHAPTER 5: BALANCE OF DEMANDS AND RESOURCES 



Balance by Rirer Authority Areas 

72. In Tables B of Chapter 2 and D of Chapter 3 we have given the effective 
deficiencies of public water supply and industry (including agriculture) in 

each river authority area. In Chapter 4 we have indicated the potential inland 
sources which are available to meet those demands. Consideration of the balance 
of demands and resources for each river authority area indicates those areas 
which are likely to be self-sufficient, those which may have to look for imports 
to meet future demands and those where export potential exists. This balance for 
each river authority area considered in isolation is given in Table G overleaf 
assuming that the existing and authorised transfers shown in Tables II and III of 
Appendix I continue. 

73. In preparing optimum regional development plans, however, it is necessary to 
compare the costs of developing alternative sources, treating the water and 

delivering it to representative destinations throughout the north. For this 
purpose the river authority area is too large a unit, and the statutory water 
undertakings' service reservoir locations are too numerous to permit simple 
analysis and presentation. 



Balance by Demand Districts 

74. We have therefore divided the area into thirteen demand districts. These 
are groupings of statutory water undertaking areas - based largely on exist- 
ing conurbations - within which the requirements of the district can be represen- 
ted by the sum of the components at a notional delivery point at the centre of 
gravity of demand. It must be pointed out that these groupings are not identical 
with the demand zones adopted as an expedient for the consideration of the short- 
term deficiencies in the Interim Report. The thirteen demand districts and 
delivery points are shown on Map 2 which also indicates those, mainly rural, 
areas where future supplies have been assumed to come from local sources indepen- 
dently of any regional scheme. 

75. For each district the public water supply demands, resources, surpluses and 
deficiencies have been abstracted from Appendix I and summarised as was done 

previously for the river authority areas. In this case, however, the net resour- 
ces have been taken as the total authorised resources, regardless of whether they 
originate inside or outside the district, after allowing for existing statutory 
bulk supplies or supplies transferred under agreement. Net industrial 
deficiencies are then added as appropriate to give total effective deficiencies 
at the census dates. 

76. The extent to which surpluses can be redeployed to meet deficiencies else- 
where was indicated in the Interim Report, assuming that in certain cases 

new links would be established. - Delay in the development of Manchester's Lake 
District sources has necessitated some variation in the assumptions made in that 
report. These variations have been taken into account in determining the 
deficiency dates at which new supplies would be required in the thirteen demand 
districts as shown on the diagrams 1-13 (Appendix III) and as described in 
paragraphs 80 to 101 following. The expected yields of new isolated sources 
(para. 52) have been deducted from the effective deficiencies (after transfer of 
certain surpluses) to give final net deficiencies for each district. These will 
have to be met by a regional conservation programme. 
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1. Major imports existing or authorised , Yorkshire Ouse and Hall 25 m. g.d. )Including 70 



77. The relationship between resources and demands in each of the demand 
districts is shown in Diagrams 1-13 on the assumption that transfers will be 

effected and isolated sources developed as envisaged. To the extent that these 
transfers are not effected, nor isolated sources developed, the interim position 
may be worse than we have assumed but the overall comparisons of long term 
strategy are unlikely to be affected. 

78. For the purposes of planning regional programmes of development and estimat- 
ing their costs, net deficiencies in the thirteen demand districts have been 

rounded off to the nearest 5 m. g. d. as in the table below. 



TABLE H 



Demand District 


Deficiency 


(ra. g. d. ) 


1981 


2001 


Newcastle 


15 


55 


Sunderl and 


15 


40 


Teesside 


20 


100 


Hull/Humberside^ 


35 


120 


West Riding South 


20 


80 


West Riding North 


15 


65 


Flint/Denbigh 


15 


35 


Chester 


30 


80 


Liverpool 


- 


55 


Manchester 


5 


75 


Pres ton 


15 


45 


Fylde 


15 


50 


Cumberland 


15 


40 


Totals 


215 


840 



79. In Chapter 7 we describe alternative long terra strategies for meeting these 
needs, many of them containing common elements up to 1981. A choice of 
strategy, which will determine the pattern of development post 1981, may not be 
made until 1971 after the barrage investigations are completed. Meanwhile, 
decisions will have to be made on the development of some new sources for 
districts in which deficiencies are expected in the 1970’ s. Some ways in which 
the short-term deficiencies might be met were indicated in the Interim Report; 
two of the developments - Windermere/Ullswater and Cow Green - have since been 
authorised. In the following paragraphs we indicate further developments which, 
in our view, would least prejudice the choice of long term strategy. 



i • Includea allowances for Humberaide/North Lincolnshire of 30 m.^.d. in 1981 and 100 m.g.d. In 2001. 
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Developments in the Next Decade 

80. Newcastle District llie Teesside district will be in deficiency until Cow 

Sunderland " Green Reservoir has been completed; thereafter the 

Teesside " needs of these three districts will be covered by 

existing and authorised sources until 1973. Certain 
expedients described in paragraphs 48, 49 and 51 of the Interim Report would 
enable this period to be extended until 1977-79 in all three districts so far 
as public water supply needs are concerned but industrial needs are likely to 
bring the critical date forward to 1975 on Teesside. It is considered, there- 
fore, that we should plan for the inauguration of major new works for Northumbria 
by 1975. The most urgent item will probably be a first stage of the north-south 
aqueduct linking the Tyne, Wear and Tees referred to in paragraph 51 of the 
Interim Report, to be followed by the remainder of the aqueduct together with a 
major new source. 

81. Our analyses indicate that one scheme regulating the Tyne to serve 
Newcastle, Sunderland and Teesside would probably provide the most 

economic solution and to meet ail deficiencies in these areas up to 1981 a source 
of about 50 ra. g.d. would be required. A first stage of the development of a 
reservoir at Otterstone appears to be the most economic choice from the sites we 
have listed outside National Parks^. However, a site in the Cumberland River 
Authority area on the River Irthing - the western boundary of the Northumberland 
National Park - could also be used to regulate the River Tyne; this is a cheaper 
alternative which may well be equally or more acceptable. Both of these 
alternatives should be investigated without delay by the river authorities 
concerned. 

82. Bull/Rumberside District Demands in the rural areas of the Hull/Humberside 
West Riding South " District are assumed to be met from local sources. 

Hull will be deficient in 1969 and there will be 
a shortfall of reliable yield until a new source is commissioned. Deficiencies 
in North Lincolnshire (including allowances for Humberside new town) are estimated 
to amount to 43 m.g. d. in 1981 of which 13 m.g.d. may be met by local develop- 
ments. It is not yet clear whether the residual deficiency of 30 m.g.d. in 1981 
can best be met from resources in the north or from the River Trent. Demands in 
the Sheffield area will exceed authorised resources in 1971 and the net deficiency 
will amount to 20 m.g.d. in 1981. 

83. If the present proposals to construct a new regulating reservoir at 
Farndale, in conjunction with a tidal sluice at the mouth of the River 

Derwent, are successfully implemented this scheme could provide for the needs of 
Hull/Humberside (including North Lincolnshire and new town) and West Riding South 
until about 1979. If the North Lincolnshire/new town demands are met from 
elsewhere Farndale would provide for the needs of Hull and West Riding South 
until about 1984. 

84. West Riding North District The resources balance of this district shown in 

Diagram 5 is based upon the assumption that with 
one or two exceptions surpluses of individual undertakings can be transferred to 
offset deficiencies elsewhere. In addition to the strengthening of some existing 
links this assumption would require the establishment of a new bulk supply link 
between Leeds and Bradford. Even with those links there will be a shortfall of 



^ • Although preliminary investigations indicate that the best location for a dam^falla just within the 
National Park boundary an alternative site upstream would avoid any incursion into the National Park. 
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reliable yield until new isolated sources are developed, the most important being 
Calderdale Water Board’s proposed Hebden Valley reservoir which, if authorised, 
could not be completed before 1974. With the transfers assumed and the isolated 
source development envisaged the district will again become deficient in 1975. 

85. The possibilities for this district over the next decade are - 

1. Use of existing storage in Leeds' Washburn valley reservoirs to 

balance abstractions from the River Wharfe: net gain in yield 

6 m. g. d. 

2. Development of the Grimwith reservoir site proposed by Bradford. 

3. Use of part of Farndale surplus via Leeds' existing link with the 
Ehver Derwent. 

The change in use of the Washburn valley reservoirs is a desirable development 
and should be implemented. A limited contribution from Farndale may also be 
available for a time depending upon other demands on the River Derwent. By 
themselves, however, these could only meet increasing demands for about four 
years and they would not be wholly effective without the new bulk supply link 
between Leeds and Bradford. 

86. The proposed reservoir at Grimwith has been excluded from the majority of 
our programmes in Chapter 7 because they have been selected (with the 

exception of Farndale) from sources outside the National Parks. A free selection 
would always have included Grimwith in the optimum economic solution even pre- 
supposing the prior development of Farndale. It may well be that the Grimwith 
scheme, which involves the enlargement of an existing reservoir, will be 
acceptable notwithstanding its location in the National Park. We consider there- 
fore that the proposals for Grimwith should be pursued but that development if 
sanctioned should take advantage of the full economic potential of the site i.e. 
to a capacity of about 4,300 m.g. and a yield of 21 m.g.d. 

87. The Washburn and Grimwith developments, in addition to the isolated sources, 
would provide for the needs of the West Riding North until the mid-1980’s. 

The timing of Grimwith would be dependent upon the economics of the Leeds- Bradford 
link, and the viability of this link would in turn be dependent upon decisions 
about Grimwith since its usefulness would be limited once these two undertakings 
were both served by schemes (such as Grimwith) for regulation of the River 
Wharfe. Apart from its value in a regional distribution system, which it is 
difficult to quantify, its cost should therefore be weighed against possible 
savings in deferment of capital expenditure on Grimwith. We have been unable to 
pursue the detailed investigations necessary for this assessment but consider 
that they should be pursued by the river authority and the undertakings concerned. 

88. Flint/Denbigh District The bulk of the Flint/Denbigh deficiency at 1981 is 

Qiester " estimated to arise within the area of the Central 

Flintshire Water Board either as growth in demand 
on the public water supply or as an increase in direct industrial demand along 
the Flintshire coast of the Dee estuary. Demands already exceed authorised 
resources, and deficiencies are being met by increasing bulk supplies from the 
Wirral Water Board to the Central Flintshire Water Board. Overall economy of 
supply could best be served by increasing transfer of water from the Wirral 
Water Board's Alwen reservoir to the Central Flintshire Water Board, and the 
consequential transfer of Wirral's demand from Alwen to the River Dee. This 
transfer together with development of isolated sources would enable demands to be 
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met until 1972. Thereafter development of the aquifer in the Vale of Clwyd to 
regulate the river flow could provide about 3 m.g.d. of the estimated deficiency 
of 15 m.g.d. at 1981 i.e. it might meet needs until 1974. 

89. After allowing for the suggested transfer of Alwen water to Central 
Flintshire, the subsequent temporary re-allocation of abstraction rights 

from the Dee and the development of isolated sources, deficiencies in the Chester 
District arise in 1974 and amount to 30 m.g.d. by 1981. It has been estimated 
that the existing storage at Bala Lake and Llyn Celyn may sustain an additional 
yield of about 13 m.g.d. If this estimate is confirmed by the investigations now 
in hand (Dee regulation research project) a major new source will be required by 

1977. 

90. For the Flint/Denbigh and Chester Districts a reservoir at Brenig which 
could be used to regulate the Clwyd and the Dee appears to be the best 

choice to follow the above short term expedients and we recommend that this site 
should be investigated by the Dee & Clwyd River Authority. Iliis^ reservoir would 
have only a small catchment area but it could be operated effectively in con- 
junction with Bala Lake and Llyn Celyn, whose catchments are comparatively under- 
reservoired. Although it might be possible to pipe spare Dee water from the 
Chester District into Flintshire for a year or two pending completion of such a 
reservoir, the reservoir is likely to be needed at the earliest practicable date 
and investigations should be pursued with urgency. 

91. Liverpool District Deficiencies arise in 1978 and amount to 10 m.g.d. at 

1981. If the suggested developments of isolated 
sources in this district prove to be practicable no other action would appear to 
be necessary in advance of the long term decisions. In addition, if the 
reservoir at Brenig, referred to above, is developed to its full capacity in the 
mid-seventies additional supplies could be made available to Liverpool from the 
River Dee. With an estimated yield of 70 m.g.d. Brenig could meet the combined 
deficiencies of Fiint/Denbigh, Chester and Liverpool until about 1985. 

92. Manchester District The yield of the Uliswater/Windermere scheme as 

authorised will be somewhat less than that envisaged 
in the Interim Report and the short term balance of demands and resources in 
this district is also subject to the completion dates of various stages of 
these works. 

93. The safe yield of the Manchester District’s resources including the 
Uliswater/Windermere scheme is now estimated to be 238 m.g.d. and Diagram 

10 based upon the most recent estimates of construction time shows the dates by 
which the additional quantities are now expected to become available and the 
subsequent deficiency date. Allowance has been made in the diagram for the 
addition of 3 m.g.d. of yield in 1976 resulting from a contemplated improvement 
in the aqueduct capacity from Haweswater. Thereafter the district becomes 
deficient again in 1977 but the development of isolated sources is estimated to 
be capable of meeting demands until 1981. 

94. Diagram 10 also indicates that during the construction period leading up to 
the full development of the Ullswater/'.Vinderemere scheme Manchester District 

will have no significant surplus for deployment elsewhere. This changes the 
situation described in the Interim Report where it was assumed that Manchester 
would have a surplus available in 1971 for deployment within what was described 
as the West Pennine Zone and there are consequently repercussions on the dates 
at which Preston and Fylde districts will now need to develop new supplies. 
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95. Preston District As shown in Diagrams 11 and 12 these districts become 

F„iae " deficient in 1971 and will each need a further 15 m.g.d. 

by 1981. Deficiencies can be met by changes in use ol 
existing storage and the use of underground storage in conjunction with suitable 
river abstractions. Fylde and Preston’s existing storage together with storage 
developed underground in the Fylde area has been estimated to provide an 
additional yield of 17 m.g.d. if used to balance river abstractions (Lancashire 
River Authority Schedules II, Lune, Wyre and Ribble) Similar use of Liverpool 
Corporation’s Rivington storage could provide a further 9 m. g- d- and together 
theL developments would provide for the needs of the two districts until about 
1980. If abstractions from the River Lune formed a major part of an integrated 
conjunctive use system additional yields could be obtained by constructing a 
tidal barrier in the lower reaches of that rivet, if this proved feasible. 



96 A further recent development not included in our schedules of resources is 
the suggestion, now being investigated, of raising the embankment at Stocks 
reservoir thus providing some 1000 m.g. of additional storage. Used in conjunc- 
tion with river abstractions this additional storage would provide a further 
additional yield of about 6 m.g.d. 

97. The storage potential of the underground aquifer, the feasibility of a tidal 
barrier on the Lune and the most effective way of developing the integrated 

system including the progressive use of existing reservoir storage to balance 
river abstractions are all matters requiring detailed investigation. Initial 
requirements are, however, urgent and arrangements for the first phase of 
development should be considered by the Lancashire River Authority without delay. 

98. Cumberlaiid District The authorised resources of the South Cumberland Water 

Board now include an estimated increase in yield of 
6 m.g.d. from Ennerdale without changing the level of the lake. The district 
first becomes deficient in 1969/70 and development of isolated sources (ground- 
water in West Cumberland and further control of Ennerdale) could meet demands 
until 1972. The subsequent deficiency of 15 m.g.d. at 1981 will have to be met 
from new sources of supply. 



99. Apart from these deficiencies in supplies the river authority is faced with 
the situation that abstractions from the River Derwent under licences of 

right already create unacceptable low flow conditions in the lower reaches of 
the river in a dry year. The development of surface storage in the River Derwent 
catchment is the logical solution to both problems and the river authority is 
investigating means of augmenting river flows by the use of controlled storage 
in Bassenthwaite Lake or by construction of regulating reservoirs in tributary 
valleys. Both of these ways of regulating the river flow could be combined with 
a tidal weir at Workington which would minimise residual flow requirements. 

100. Limited control of Bassenthwaite Lake has so far been envisaged as a means 
of restoring the present unsatisfactory conditions in the river. Subject 

to the final conclusions of the consulting engineers a reservoir on the River 
Marron at Ullock appears to be the most economic choice outside the Lake District 
National Park for providing new regulated yields to supply. This reservoir could 
provide in conjunction with a tidal barrier a yield of over 100 m.g.d. Whilst 
construction could possibly be staged, major capital expenditure would be 
involved, much of which would be unproductive until the full yield is taken up. 



101. An alternative would be more extensive control of Bassenthwaite to meet 

deficiencies over the next decade followed by the use of part of Thirlmere 
storage to regulate the River Derwent. In this way the resources available to 
West Cumberland could be built up gradually and the progressive loss to 
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Manchester (18 ra.g.d. by 2001) made good from other sources which will in any 
case be required for supplies in that area after 1980. This alternative deserves 
more detailed consideration before a decision is taken to construct the Marron 
reservoir. 



Summary 

102. The proposals in paragraphs 80 to 101, if proved feasible on detailed 
investigation, would suffice to safeguard supplies over the next decade 

until long term strategic plans can be implemented. However, they should not be 
assumed to preclude the possibility of alternative courses of action during this 
period. In the course of the surveys which will be carried out by the river 
authorities under Section 14 of the Water Resources Act local requirements will 
be considered in much greater detail than has been possible in this report and 
river authorities may well suggest alternative local solutions. Our main concern 
in this section of the report has been to indicate some ways in which a breathing 
space may be secured for the deliberate consideration of long term plans. 

103, We referred in paragraph 15 to Manchester’s bulk supply obligations to other 
undertakings. These bulk supplies at present aggregate 28 m.g.d. but, 

subject to authorisation by the Minister of Housing & Local (jovernment, con- 
siderably greater bulk supplies could in future be claimed by reserving authori- 
ties. Our allocation of future demands to thirteen demand districts, however, 
does not contemplate any extension of these relationships as between an under- 
taking in one demand district and those in another and regard must be had to 
this in considering future applications for bulk supplies. 



Qiapter 5 



30 



Printed image digitised by the University of Southampton Library Digitisation Unit 



CHAPTER 6 i THE USE OF LAND FOR RESERVOIRS 



Amenity and Recreation 

104. In this crowded island land is precious, and it is proper that before 
turning over substantial areas to water storage, or any other new use, 

careful thought should be given to what may be lost. Where new reservoirs are 
contemplated the main social issues will usually be either the dispossession of 
local farming communities and the losses to agriculture and forestry or the 
coming of a major change in a landscape valued by a wider public for its beauty 
and solitude. In comparing two or more sites these considerations may be in 
direct conflict. At northern reservoir sites the intrusion of engineering works 
in a more or less wild landscape has usually been the more prominent issue. 

105. We wholly accept the argument that it would be profitless to provide water 
or other services at the cost of completely despoiling our environment. 

This is perhaps more widely accepted now than it was a few generations ago or 
than it is in countries where the pressure of population is less extreme. But 
it would be foolish to dismiss the real conflicts of interest which arise and to 
ignore the views of those who find a reservoir as acceptable a feature of the 
countryside as the many ‘intrusions' of our forbears which help to compose the 
scene we admire to-day. A blind defence of the status quo is likely to achieve 
less than a realistic but discriminating accommodation to the material and 
recreational needs of a growing population. 

106. During the nineteenth century a water undertaking which took over an upland 
valley or natural lake and converted it into a reservoir would usually bar 

public access to the reservoir and its immediate water catchment grounds. There 
were good reasons for this in the new awareness of the dangers of water-borne 
disease and in the comparative inadequacy of treatment processes. But this meant 
that a valley used for water supply was lost to the community at large and local 
people often believed that they had everything to gain and nothing to lose if 
they could fight off the acquisitive authority. 

107. Nowadays an expanding population, expecting ever better standards of living, 
calls not only for greater supplies of water but for ampler means of 

occupying its longer leisure hours. There is an acknowledged need on the one 
hand for access to large areas of unspoilt moorland and fellside remote from the 
conurbations and, on the other, for improved facilities for active and passive 
outdoor recreation, for which reservoirs - especially river regulating reser- 
voirs - can provide considerable opportunities. 

108. Most water undertakings are ready to play their part in meeting these needs. 
Some of them - such as Manchester Corporation, who own extensive mountain 

catchments in the Pennines and the Lake District - have been opening their 
gathering grounds increasingly to public access in recent years, and in the long 
run the acquisition of these lands may be seen to have contributed to rural con- 
servation, by discouraging other forms of development and by stabilising the 
local economy. Others have shewn great initiative - as at Chew Lake, at Pitsford, 
at Llyn Celyn, at Grafham Water and at the new Derwent Reservoir - in developing 
their reservoirs for active recreational pursuits such as fishing, sailing and 
birdwatching as well as making planned provision for the needs of picnickers and 
motorists. 

109- There is implicit here a secondary conflict, between those to whom a reser- 
voir is more acceptable if it brings improved access to the countryside 
with more opportunities for active recreation and provision for the needs of the 
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visitors thus attracted, and those to whom it is more objectionable for these 
Tery reLonI It is noi unknown that on a specific project one ■countryside- 
irtLest will seek to impose restrictions on access to the area whereas others 
insist on improved access as a condition of assent. 

110 Thus there is a need to appraise recreational opportunities, which are 

difficult to quantify (Appendix VI), in relation to the even more sibjet- 
tive aesthetic values and to balance both against the needs of water supply In 
many cases recreational opportunities obviously appeal to large numbers once they 
become available although when projects are at the planning stage it is the 
threat to natural, or at least familiar, surroundings which arouses passionate 
feelings of protest and active involvement. 



National Parks 

111 The region dealt with in this report contains an unusually high proportion 
of areas which call for special consideration in this respect, bix of the 
ten national parks lie wholly or partly within the region, as do many of the most 
important areas designated as ‘of outstanding natural beauty . These areas 
toeether occupy some 2,800 square n\iles within the region - i. e some 55% of the 
6 . 1 1 i .r . 1 .- itself. Of the reservoir 



designated areas as a whole and 18% of the region its . • . 

storage now serving the region a large proportion lies in the parks, which 
include many of the areas of most varied topography and high rainfall, and the 
headwaters of most of the major rivers which could be regulated to serve the 
north in the future rise in the parks. 



112. It is inevitable, therefore, that some of the projects with most technical 
advantages for further storage would encroach on the parks. On the other 
hand those of our conservation programmes which do not include projects in the 
National Parks include developments in other localities which may be held in 
higher regard than individual sites within the parks. In saying this we do not 
accept that reservoirs will necessarily impair permanently the beauty of these 
places but we have in mind that the park areas were designated so that develop- 
ment within them should be considered with special care. 



Agriculture 

113. The interests of farming and forestry can be partly quantified in terms of 
land or product value and we have allowed for this in the estimated costs 

of schemes. There is room for argument about how this should be done but the 
amounts involved are in any case very small compared with the sums which are 
included in estimates for engineering works. 

114. As with amenity considerations, however, the main factors are probably 
those which are more difficult to quantify - the disturbance to the rural 

scene, the loss of livelihood and sense of security of those earning their living 
from the land, and the resulting general feeling that rural interests are con- 
stantly being sacrificed to the appetites of urban civilisation. These factors 
must be recognised, and indeed in countries with a dense and growing population 
and changing technology - in agriculture, no less than in other spheres - these 
things are bound to happen. 3ut the essentially psychological elements ought not 
to be confused with economic considerations; nor is it proper to foster the 
belief that the nation is squandering its productive land for what is only a 
transient gain. 
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115. To get the reservoir problem into perspective it is worth noting that most 
of the inland conservation programmes described later in this report wpuld 

involve the submergence of about 15.000 acres of land (out of a total of some 10 miiion 
acres) i.e. 0.15% of the area of the region, to secure its water needs until the 
end of the century. Most of this area would be outside national parks and areas 
of outstanding natural beauty and would be on land of relatively poor agricul- 
tural value. These programmes would roughly double the present water storage in 
the region of some 150,000 million gallons, about two-thirds of which is on sites 
in the parks or in areas of outstanding natural beauty. 

116. Clearly, if demands continue to grow the timewill come when increasing 
storage of fresh water on land will have to give way to other methods of 

augmenting our resources, although the reservoirs then existing will probably 
continue indefinitely to contribute their share of our needs. The time is far 
distant when more than a fraction of one per cent of our land surface could be 
needed for this purpose and it is likely that when that time comes these tech- 
niques will no longer provide an economic answer. For the present, however, 
storage of natural fresh water is overwhelmingly the most economic way, and to 
opt instead for desalting sea water would place a heavy economic burden on this 
and perhaps on the next generation^. This is the answer to the question; if 

sometime, why not now?’. 

117. Although the total area of-* land needed is comparatively small, some of the 
sites involved are nevertheless of great significance both to people 

living and working in their neighbourhood and to others, and development might 
have effects - not necessarily harmful - far beyond the immediate locality. 



A Problem of Choice 

118. We see this problem, like the problem of economic strategy referred to in 
the following chapters, in terms of choosing a coherent programme of devel- 
opment after weighing all relevant factors. All the proposals have disadvantages 
from some point of view and the best answer will not be found by arguing the 
merits of schemes piecemeal whilst questions of comparative merit and overall 
economics go by default. We have therefore tried to assemble a comprehensive 
list of possible schemes, limited only by an overall ‘ceiling’ of development in 
each major river basin (Chapter 4, paragraph 56). In applying this limit we 
have eliminated the more uneconomic developments including some sites near the 
centre of the Lake District National Park. 

119. For reasons given in Appendix VI we have not attempted to measure the 
differences in recreational value between one potential reservoir and 

another. Nor have we presumed to assess the beauty of any site or the contribu- 
tion it now makes to the lives either of the local community or of visitors. 

But we have tried to present our data so that the cost of including or excluding 
any project, as an element in an integrated system of resources, can be 
demonstrated. 



1 . Details of latest costs estimate have been reviewed in W.S.A. Technical Paper No. 60, 1967. 
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CHAPTER 7 : COMPARISON OF REGIONAL CONSERVATION PROGRAMMES 

AND COSTS 



The General Problem 

120. The resources which could be made available by ‘regional storage’ 

(including estuary storage) are described in Chapter 4 and detailed in 

Appendix IX. Reference is made at the end of that chapter to the sequences o± 
development and in Chapter 5 to the ‘regional conservation programmes’ into 
which individual projects must be assembled for effective comparison. Each ot 
these programmes is a plan for the progressive development of source, treatment 
and bulk transmission works to match the assumed pattern of demand in the north 
from now until the end of the century. Since the potential resources described 
in this report far exceed estimated demand in the region to the end of the 
century there is a considerable field of choice in the projects to be developed 
during this period as well as in the sequence of their development. 

121. We have sought to identify a least-cost solution in the sense of one 
which minimises the real cost, during the remainder of this century, of 

meeting the needs of the region as a whole - not necessarily one which minimises 
the cost to particular undertakings or at particular dates. The least-cost 
solution is, of course, not necessarily the best. Allowance must be made for 
social values which are not readily quantifiable and it would be idle to expect 
universal agreement on these. Other issues, such as the abstraction of river 
water from lowland rivers versus the use of 'direct supply’ reservoirs are also 
the subject of controversy, even though we have tried to quantify and price some 
of these factors, as explained elsewhere in this report. 

122. Apart from these issues the definition of least cost is by no means simple. 
Outlays which can be deferred into the future are less of a real burden 

than similar outlays now - i.e. there is a discount factor. In applying this we 
have a choice between comparing the costs incurred (for some increment of supply) 
to some terminal future date or indefinitely into the future. The development 
programmes have been tested by both of these criteria and against varying 
assumptions as to discount rate, future demand and future relative prices. Some 
of these points are dealt with at greater length in Appendix X. 

123. For these reasons we present an array of solutions and comparisons. Much 
of the supporting detail will be found in Appendices VIII, IX and X but in 

the present chapter we describe in a very general way the approach used in 
analysis and the types of solution evolved. 

124. Most of the reservoirs considered will be regarded by some as detrimental 
to amenity and by others as an addition to local amenities. Most, if not 

all, can be used to provide recreational benefits of one kind or another and 
ideally these should play their part in any accounting of benefits and costs. 
Because we are not able to discriminate between the value of the recreational 
opportunities offered by each inland reservoir, however, we have treated such 
benefits as a constant factor and have simply made comparisons between programmes 
which are subject to some general constraint - e.g. no inland storage sites, no 
estuary storage sites, no sites in national parks, etc. - or to none. In the 
case of estuary storage, however, it may well prove that opportunities for 
active recreation (or other incidental benefits such as traffic crossings) are 
much more significant and allowance may have to be made for these when overall 
studies of these schemes have been completed and when the time has come to 
review the comparative costs of programmes. 



35 



Chapter 7 



Printed image digitised by the University of Southampton Library Digitisation Unit 



125. For conveying water from sources to each notional demand centre river 
courses have been used wherever possible, ^ linked by pipelines where 
necessary. It was considered that the available canals could not contribute 
significantly to water movement on a regional scale although several may have an 
important role locally. Solutions have been sought in terms of the requirements 
of the thirteen demand districts referred to in Chapter 4 and no consideration 
is given in this report to local distribution problems within the demand 
districts. Even so, the possible combinations of source works with ‘destinations’ 
in various sequences of development are almost innumerable and there are consider- 
able difficulties in optimising the choice in terms of present value (i.e. 
discounted) costs. 

126. Analysis was therefore done in two stages. For the first a readily avail- 
able computer program was used to compare the costs at three future dates 

(1981 1991 and 2001) of water conservation and bulk distribution systems which 

link the several regulated rivers with the thirteen notional demand centres in 
every possible combination and to select the ‘least-cost’ combination. This 
took account of both capital charges and running costs at these dates for 
conservation I treatment and bulk delivery. 

127. This comprehensive comparison indicated the combinations of source rivers 
and demand centres which would minimise the costs of the system, say, in 

the year 2001, and the order of annual cost involved (about £60,000 per day or 
17.5 pence per 1.000 gallons supplied in 2001). It could be adapted to show the 
extra cost of departing from this optimum in chosen ways - e.g. by excluding 
particular rivers or schemes - but it fell short of our requirements in not 
making allowance in the selection process for the timing of schemes and hence 
for the occasional burden of redundant capacity; i.e. there was no built-in 
discounting procedure. [Tne analysis and the findings are set out in greater 
detail in Appendix X.] 

128. Because no suitable computer program was readily available to take account 
of this and other relevant factors - such as the value of continuity of 

use in the developing system - the remainder of the work was done on a series of 
programmes of individual conservation works and aqueducts, selected in the light 
of the general comparison made by computer. The selected conservation programmes 
have been costed by accumulating the capital outlays and running costs to be 
incurred as the particular system is built up and used over the period 1970-2001. 
Further, the necessary outlays and running costs to build up the system and use 
it in perpetuity have been discounted at 8% to their 1970 equivalents which have 
been sumroated to give a present (i.e. 1970) value total. The latter, which makes 
allowance for the reducing economic impact of deferred expenditures (see 
Appendix X) is in our view the appropriate sum for economic comparisons. 

129. The various programmes are identified, described and illustrated in 
Appendix X. Selected programmes (numbered 1 to 10), which display the 

main elements of choice are outlined in this chapter and the costs of these are 
summarised in Table J at the end of the chapter, using the following definitions : - 

Total Outlay: The amount which would have to be expended to build up 
and maintain and operate a given increment of the water 
resources system during the period 1970-2001. 



1 . The direct supply solution is an exception. 
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1970 Value; The amount which would have to be invested in 1970. at 8% 
annual interest, to enable such an increment of the water 
resources system to be built up over the period 1970-2001 
and maintained and operated in perpetuity. 

All amounts used in this report are quoted in £p i.e. in terms 
of the present level of prices. 



Direct Supply Solution 

Programme IVo. 1 (1970 Value £159 million) 

130. In this system the thirteen demand centres would be linked with upland 
impounding reservoirs by pipeline - the traditional form of development 

for the urban centres of the north. It is an arrangement which minimises treat- 
ment problems but which usually reduces the flow of the rivers over most of 
their length. 

131. It has been explained in Chapter 4 (Para. 69) that the total yield of the 
storages (other than ‘isolated sources’) which we have listed, when used 

as direct supply reservoirs, would amount to about 1,400 m.g.d. The most 
economical selection from these to service a direct supply system throughout the 
north (giving an additional 840 m.g.d. of yield) would involve development of 
41 reservoirs, 25 of them in national parks or areas of outstanding natural 
beauty. They would occupy about 22,500 acres of land. The location of these 
reservoirs is shewn in Figure 1(a) and their required dates of completion in 
Figure 1(b) of Appendix X. 

132. Some of the reservoirs itemised (including a number in national parks) 
could be replaced by alternatives but it would not be possible to preserve 

this overall ‘direct supply' programme whilst eliminating all developments 
within national parks. Seventeen of the reservoirs involved could be eliminated 
by substituting two large pumped storage schemes for direct supply - Killington 
and enlarged Haweswater - at an additional 1970 value of, say, £15 million. 

133. Overall reliance on direct supply reservoirs is not likely to be enter- 
tained as a serious proposition and, indeed, many water supply undertakings 

already practise abstraction from the lower reaches of regulated rivers followed 
only by tactical storage. It is of interest, however, to show the relative 
economy of river regulation techniques, apart from the benefits accruing to other 
river users. A programme combining direct supplies for some users with regulated 
river supplies for others is presented below (Programme No. 4). 



River Regulation Systems 

134. These are systems which will provide new increments of supply (other than 
those from ‘isolated sources’) from abstraction points on the lower reaches 

of major rivers regulated by inland storage or from pumped storage reservoirs fed 
from these abstraction points. The regulating storage considered includes a 
number of existing direct supply reservoirs adapted for the purpose and some 
storage made available by controlled pumping of underground aquifers. 

135. In the following paragraphs the principal conservation works involved in 
each programme are listed, together with some important alternatives. 

Where comprehensive lists are not given the principal items are identified and 
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the various supplementary works will be found in the appropriate figure in 
Appendix X. The discounted costs (‘1970 values’) quoted in this chapter cover 
the regional programmes comprehensively; i.e. they include all future costs 
other than those of ‘isolated sources’ and distribution costs within demand 
districts. 



Programme No. 2 (1970 Value il21 million) 

136. A free selection from the storages scheduled gives a least-cost programme 
including the modified use of seven existing reservoirs and the construc- 
tion of seventeen new reservoirs as follows: - 



Change of Use^ : - 



Ref. No. 


Reservo i r 


Yield 


Date^ 


Conjunctive Use With 


Y.l 


Gouthwal te 


8 






L.lil) 








Lancashire Rivers 


L.23 


Stocks 


15 




L.26) 






{together with groundwater) 


N.ll 


Derwent (NorthumDrian) 


11 


1973 


River Wear 


Y.n 


Llyn Celyn 
Washburn 


13 

6 


1973 


River Dee (improved Regulation) 




Longridga 


2 


1974 


River Ri bble 




Rivington 


9 


1976 


River Ribble 



New Schemes 



Ref. No. 


Si te 


Yield 


Date^ 


National Park or Area of 
Outstanding Natural Beauty 


D.2 


Tube Wells (River Clwyd) 


3 






C.7 


Wastwater (level regulation) 


6 


1974 


Lake District 






21 


1975 






Cocker 


34 








Breni g 


80 


1976 






Irthing 


73 








New Gouthwaite 








L.27 


Stock Beck 


li 






Y.3 


Bishopdale 


45 






L.30 


Stankhill Beck 


7 








Roe burn 


28 


1981 






Hel 1 i f ield 


89 








Witton-le-Wear 


91 








Dee (Lune) 


76 


1991 






Arkle Beck 


44 








Twrch 


19 








Middl eton 








L.29 


Upper Hodder 


53 


1999 


Forest of Bowland 



The two developments in the Lake District National Park could probably be 
replaced by the Matron Reservoir without increasing the 1970 value of 
n21 million by more than about 1% (say, £1 million) or by the use of 
Ihirlmere for regulation of the R. Derwent (Cumberland) which would 
decrease it by about 1%. 



1. These items will also apply to all subsequent programmes. 

2. Sefers to date required in service. 



Vr,d.r rrosrd.m. No. 2 Goimitl, *„„voir .oold b. to o.tul.to tho R.Wh.rFo to .,.t tbo 

nood. ot Sb.fr.old Odd Roll id th, .id-1970’,. Tbl. m,y po,. odoooopt.bto ptobU., to tho oddor- 
takirtgs concerned. The addition of Farndale to the programme would eliminate this need and would 
also eliminate the need for the development of New Gouthwaite in 1978 but s 
value of £124 million. 



I increased programme 



Chapter 7 



38 



Printed image digitised by the University of Southampton Library Digitisation Unit 



Programme No. 3 (1970 Value £132 million) 



137. - The Water Resources Board recommended in their Interim Report that an 

immediate start should be made on a reservoir at Farndale to regulate the 
Yorkshire Derwent and our remaining programmes take Farndale as their starting 
point. If, following this development all other works within national parks 
were proscribed the minimum cost solution would have a 1970 value about 
£11 million greater than that of Programme No. 2 and would involve the changes 
of use listed for Programme No. 2 together with the Clwyd Tube Wells and fifteen 
new reservoirs as follows: - 



Ref. No. 


Site 


Yield 


Date 


Y.13 


Farndale 


47 


1975 


C.2 


Marron 


40 


1975 


D.l 


Brenig 


80 


1976 


N.5A 


Otterstone (Stage I) 


73 


1977 


L.27 


Stock Beck 


4 


1979 


L.30 


Stankhill Beck 


6 


1980 


Y.2 


New Gouthwaite 


24 


1980 


L.28 


Hellifield 


89 


1981 


Y.5 


Birkby Nab 


30 


1983 


N.12 


Witton-le-Wear 


91 


1985 


L.15 


Flake Bridge 


28 


1990 


N.5A 


Otterstone (Stage II) 


90 


1991 


L.16 


Birk Beck 


9 


1993 


D.3 


Upper Clwyd 


10 


1995 


N.18 


Middleton 


80 


1996 


L.5 


Mint 


17 


1999 



Programme No. 4 (1970 Value £137 million) 

138. Certain areas of the north have long been accustomed to a piped supply of 
soft water from upland reservoirs and notwithstanding our conclusion^ as 
to the optimum economic development they may set considerable store on the con- 
tinuation of such a supply. Among those areas which now use upland supplies 
exclusively and might under some of the above arrangements be switched to a 
regulated river supply the most notable is the Manchester conurbation. We have 
therefore costed a mixed system which would provide for a direct supply to 
Manchester (i.e. the Manchester ‘demand district') whilst using regulated rivers 
to supply other parts of the region. The major items would be as in Programme 
No. 3 except that the introduction of Killington into the programme, supplying 
Manchester direct, dispenses with the need for Flake Bridge, Birk Beck and Mint. 



Programme No. 5 (1970 Value £136 million) 

139. Consideration has also been given to a restricted list of large reservoir 
sites since it may be worthwhile to incur somewhat greater costs in order 
to limit disturbance to fewer localities. Seven or eight such reservoirs 
together with the changes of use listed in Programme No. 2, the Clwyd Tube Wells 
and Stock Beck would meet requirements as follows:- 
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Ref. 

No. 


Site 


Yield 

m.g.d. 


Inaugural 

date 


A1 ternatives 


Yield 

m.g.d. 


Inaugural 

date 


Remarks 


Y.13 


Farndal e 


47 


1975 


- 


- 


- 


North York Moors 
National park. 


C.2 


Marron 


40 


1975 


Thirlrrere^^^ 


0-40 


1975- 

2001 


(l) Use of existing 
reservoir for gradually 
increasing regulation 
of R. Derwent; loss to 
Manchester replaced by 
earlier completion of 
Helllfleld and(ul t imately) 
increased yield from 
Kill ington. 


0.1 


Brenig 


80 


1976 








Construction may be 
staged. 


N.5A 


Otterstone 


210 


1977 








Construction may be 
staged. 


L.28 


Helllfield 


89 


1980 










L.3 


Kill ington 


134 


1990 


Haweswater^^^ 


Up to 
200 




Yield figures include 
Lune tidal barrier. 

(2) New reservoir sub- 
merging existing one In 
Lake District National 
park. 


N.12 

N.ia 


W1 tton-le-Wear 
Middleton 


89 

80 


1995 

1998 


jSishopdale^^^ 


114 




(3) In Yorkshire Dales 
National Park; construc- 
tion may be staged. 



140. If tKe listed alternative reservoirs were chosen the overall cost would not 
change significantly but the optimum order of development would probably be 
changed. According to our preliminary estimates of yield, however, Bishopdale 
would not be an adequate replacement for Middleton and Witton unless at the same 
time Killington was developed to a larger capacity or was replaced by Haweswater. 



Estuary Schemes 

141. Preliminary reports have been made by consulting engineers on three 
estuarine areas bordering the Irish Sea • Solway Firth, Morecambe Bay and 

the Dee Estuary. Investigations are continuing on the latter two. At Solway a 
barrage to impound fresh water has been considered and in the Dee a system of 
pumped storage lagoons. Both arrangements are under consideration at Morecambe. 
The preliminary reports indicate that the combined yield for these sites might 
reach about 1,400 m.g.d., which would more than suffice to cover the additional 
needs of the north during this century. 

142. Estimates of yield and cost are provisional pending completion of studies 
and investigations on site but this is also true of most of the inland 

sites referred to in this report. However, because of the more unusual engineer- 
ing problems of estuary sites and the probably more extensive effects of these 
projects on other interests the preliminary assessments of these schemes should 
be treated with particular caution. On the other hand the offsetting benefits 
in estuaries may prove to be considerable. 

In the programmes which follow estuary storage has been used to displace 
post-1981 inland schemes. All schemes in national parks and areas of outstanding 
natural beauty (excepting Farndale) have been eliminated and the estuary schemes 
have been supplemented by other inland schemes chosen to minimise costs. 
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Programme No. 6 (1970 Value £145 million) 



143. Using the cost estimates put forward 
concluded that a least cost solution 
schemes would absorb 

200 m.g.d. 
250 m.g.d. 
170 m.g.d. 



in the preliminary reports we have 
confined (post 1981) to the estuary 

from Dee 
from Morecambe 
from Solway 



together with 220 m.g.d. from inland sources required before 1981, of which the 



principal items would be;*- 



Ref. No. 


Site 


Yield 


Date 


Remarks 


Y.13 


Farndale 


47 


1975 




C.2 


Marron 


15 


1975 




D.l 


Brenig 


29 


1976 


or Irthing (partly within 
Northumberland National Park) 


N.5A 


Otterstone 


39 


1977 



This programme would of course limit the use of inland areas for reservoirs to 
a minimum (some 3,500 acres apart from isolated sources). 



Programme No. 7 (1970 Value £146 million) 

144. The development of both Morecambe and Solway -would suffice to cover post- 
1981 deficiencies if Dee were not to be developed or if its output was 
required elsewhere. 

Needs would be met from: - 

Morecambe 450 m.g.d. 

Solway 170 m.g.d. 

together with main pre-1981 items as in Programme No. 6 (inland area 3,500 acres). 



Combined Estuary/Inland Schemes 

145. If estuary sites are to be used to meet a part of the post-1981 deficiency 
but inland reservoirs are preferred for those demand centres more remote 
from the estuaries, various combinations of estuary and inland sites may be 
considered. 



Programme No. 8 (1970 Value £141 million) 

146. One of these combinations would incorporate the Dee and Morecambe estuary 
schemes together with the principal inland reservoirs all at yields given 
in Programme No. 6, with the exceptions of Otterstone and Marron reservoirs which 
would be developed to 184 and 40 m.g.d. respectively, so eliminating the need for 
Solway. Various combinations of Irthing, Witton-le-Wear and Middleton would 
provide alternatives to Otterstone. 



Programme No. 9 (1970 Value £143 million) 

147. This would be almost identical with Programme No. 8 excepting that Morecambe 
would be developed to a yield of 450 m.g.d. and Dee would not be required. 
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Programme No. 10 (1970 Value £132 million) 



148. If the Dee estuary were to be developed to a capacity of 260 m.g.d.^ but 
other estuarial developments were eliminated the major inland reservoirs 
in a least cost programme would be as follows: - 



Ref. No. 


Site 


Yield 


Date 


Remarks 


Y.13 


Farndale 


47 


1975 




C.2 


Marron 


40 


1975 




D.l 


Brenig 


29 


1976 




N.5A 


Otterstone 


74 


1977 


Irthing as the alternative 


Y.2 


INew Uouthwaite 


24 


1980 




Y.5 


Birkby Nab 


30 


1983 




N.12 


Witton-le-Wear 


91 


1985 


Larger Otterstone as the alternative 


L.28 


Hellifield 


89 


1991 




N.18 


Middleton 


80 


1996 





Deletion of Humberside/Lincolnshire Demand 

149. All the above basic programmes are designed to meet deficiencies amounting 
to 840 m.g.d. in the year 2001 and including 100 m.g.d. at that date and 

30 m.g.d. in 1981 for a new Humberside town and for north Lincolnshire. In the 
following reduced programmes Nos. 11, 12 and 13 these export items have been 
eliminated, the final output therefore being 740 m.g.d. 

Programme No. 11 is a variant of Basic Programme No. 3 (1970 Value £114 million) 

Programme No. 12 " " " " “ " No. 5 (1970 Value £116 million) 

Programme No. 13 " " " No. 9 (1970 Value £124 million) 

150. In programmes Nos. 11 and 12 one of the major reservoirs in the north east 
(Middleton or Witton) would be deleted from the corresponding basic 

programme whilst in Programme No. 13 the yield from Morecambe would be reduced 
to about 300 m.g.d. In each case the 1970 value of the basic programme has been 
reduced by about £20 million or 14% and we consider that the relative merits of 
all the basic programme types would remain the same for these reduced programmes. 



Additional Export Demands 

151. In Programmes Nos. 14, 15, 16 and 17 (being variants on Programmes Nos. 2, 
3, 5 and 9) the Humberside demand has been reinstated and in addition an 
arbitrary export demand has been imposed on the west coast. This has been met 
by construction of Dee Estuary storage, so releasing Vyrnwy Reservoir and 
existing and new storage on the Upper Dee to meet demands on the River Severn. 
Allowance has been made for piping the Dee water from a point near (3iirk into a 
tributary of the Severn; if it proved, however, that abstraction of these 
amounts from the River Dee was not permissible upstream of existing major 
abstraction points near aester, the delivered costs of these exports would 
rise by a few pence per thousand gallons. 



1. Since.fl liniited development of Brenig to yield only 29 m.g.d. is postulated 
yield of Dee Estuary has been put af 260 m.g.d. 



this programme the 
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152. It is emphasised that this western export has been postulated simply to 
demonstrate the conditions under which the north of the country could 

assist in meeting the needs of areas further south. It has not been considered 
in relation to specific demands in other regions nor is it intended in any way 
to prejudice the question of how such demands are to be met. 

153. For simplicity the storage made available in this way (53,000 million 

gallons gross: 47,000 m.g. effective) has been assumed to sustain a 

Severn abstraction of 275 m.g.d., in accordance with the relationship adopted 
for the northern rivers, and the hypothetical West Midlands demand has been 
assumed to arise in 1981 and grow to 275 m.g.d. by 2001. To permit comparison 
with other costs the costs given cover treatment of the water and delivery from 
the Severn as far as Birmingham. The 1970 values (of programmes with an ultimate 
yield of 1,115 m.g.d.) exceed those of the corresponding basic programmes by 
about £35 million (25% to 30%). 



Programme No. 18 is a development of Programme No. 9 by addition of the following 
proj ects : - 

154. Dee Estuary Enabling Upper Dee sources to be diverted 

to West Midlands 



Brenig Stage II For West Midlands 



Heliifield ) 
Killington ) 
Middleton ) 



Enabling Morecambe yield to be diverted 
to West Midlands 



This programme would have an ultimate overall yield of 1,450 m.g.d., 
enabling about 600 m.g.d. to be exported to the West Midlands in 2001 (in 
addition to 100 m.g.d. exported on the east coast). The western export is 
assumed to meet a demand arising in 1981 and growing to 600 m.g.d. by 2001. 

155. The 1970 value of Programme No. 18 (including treatment of export and 
delivery to Birmingham or roughly equivalent points such as River Trent 

or River Thames) would be of the order of £240 million. A similar Programme in 
which Solway would take the place of Otterstone, Middleton and the greater part 
of the Marron yield - i.e. a development of Programme No. 7 - (as shown in 
Table J) would cost slightly more. 

156. Programmes Nos. 17 and 18 indicate that by development of the Dee Estuary 
and Morecambe Bay the needs of the north could be met and large additional 

amounts made available for export to areas further south. The costs involved 
are given in Table J at the end of this Chapter. However, comparisons with the 
costs of the basic and reduced programmes can only be made on the basis of unit 
costs . 



Unit Costs of Water 



157. Economic comparison of the basic programmes (for 840 m.g.d. ultimate yield) 
may readily be made in terms of their 1970 value since they would all 
deliver similar amounts of water. To compare the economics of programmes of 
differing size (740, 840, 1,115, 1,450 m.g.d.), however, some reference must be 
made to unit costs (i.e. costs per quantity supplied). These can be conveniently 
defined here in two ways 



1. Zt should be noted that neither of these 
single project. 
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Total outlay divided by total amount supplied 
during the period 1970 to 2001 (4,310,000 
million gallons for basic programmes). 

1970 value divided by amount supplied to 
perpetuity, discounted at 8%p.a. (1,249,000 
million gallons for basic programmes). This 
is the ratio between two discounted amounts, 
viz; 

(i) all future costs discounted at 8% p.a. 
to their 1970 value; 

(ii) all amounts of water to be supplied in 
the future ‘discounted’ to 1970 by an 
exactly parallel arithmetical procedure. 

158. Mean unit costs for the basic and reduced Programmes Nos. 2-13 range from 
19 to 23 pence/thousand gallons, the differences between the basic and 
reduced programmes not being particularly significant. For the direct supply 
Programme No. 1 the figure is 24 pence/thousand gallons. 1970 unit values range 
from 23 to 28 pence/thousand gallons for Programmes Nos. 2-13 (31 for Programme 
No. 1). 

159- Some idea of the impact of an increasing scale of development on average 
costs may be obtained by comparing the unit costs of water derived from 
Programmes Nos. 13, 8, 17 and 18, which make roughly similar demands on inland 
storage, as follows: - 



Programme 

No. 


Total 
Export 
(m.g.d. ) 


Ultimat 


Yield (m. 


g- d. ) 


Mean Unit 
Cost 


1970 Unit 
Value 


Estuary 


Inland 


Total 


(pence/thousand gallons) 


13 


- 


300 


400 


740 


21 


27 


8 


100^ 


450 


390 


840 


21 


27 


17 


375^ 


650 


465 


1,115 


23 


27 


18 


700 2 


870 


580 


1,450 


28 


31 



160. The mean unit cost evidently rises considerably with the higher export 

demand although the effect on discounted price is obscured by the remote- 
ness in time of this demand. It is not easy to put a price on the exported 
water itself because this will depend on the basic programme chosen for compari- 
son. In round figures, however, the unit costs of the western export would be;- 



Programme 

No. 




Mean Unit 


1970 Unit 


Export Yield 
m.g.d. 


Cost 


Value 


(pence/thous 


and gallons) 


17 


275 


26 


27 


18 


600 


38 


40 



161. The development programmes considered in this chapter and their costs are 
summarised in Table J opposite. 



Mean unit cost: 



1970 unit value^: 



1 . 

2. 



77iis is similar to the present value costs expressed in 
as used in the Dee Crossing Study (Phase I) Report. 
Including lOOm.g.d. to North Lincolnshire. 



pence per thousand gallons 



‘p.v.d./I.OOOg’ 
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TABLE J 



Principal Conservation Programmes 





Prog. 

No. 


Principal Elements of Programme 


Yield 

in 

2001 

ffl.g.d. 


Land used 
(nearest 
500 acres)2 


Approx. 

% Yield 
from 

Estuari es 


Programme Cost^ 
(£p mi 1 1 ions) 


Total 

Outlay 


1970 

Value 




Di reel 


Supply System:- 














1 


Free selection of inland reservoirs 


840 


22,500 


' 


426 


159 




Ri ver 


egulation Systems:- 
















Free selection of Inland reservoirs 


840 


14,500 


- 


342 


121 






Inland reservoirs outside National Parks-^ 


840 


14,000 


- 


372 






4. 


As 3 but direct supply to Manchester 


840 


13,500 


- 




137 




5 


eight large inland reservoirs 


840 


12,500 




380 




i 




Estuary Programmes:- 














6 


Three estuaries: Dee, Morecambe, Solway 


840 


3,500 


75 


402 


145 




7 


Two estuaries; Morecambe, Solway 


840 


3,500 


75 


421 




S 




Mixed Programmes:- 














8 


Two estuaries: Dee, Moreoambelplus some 


840 


5,000 


55 


387 


141 






1 major 














9 


One estuary; Morecambe \inland 


840 


6,000 


55 










Ireser- 














10 


one estuary: Dee jvoirs 


840 


10,500 


30 


376 


132 






Reduced Progrsmmas:- 












Q 2 


11 


Inland reservoirs outside National Parks 


740 


12,500 


_ 


317 


114 




12 


Seven large inland reservoirs 


740 


11,000 


- 


330 


116 




13 


One estuary; Morecambe 


740 


6,000 


40 


332 


124 






(plus major inland reservoirs) 
















Augmented Programmes:- 
















Free selection of inland reservoirs 


1,115 


14,500 


20 


477 


159 






(plus Dee Estuary) 
















inland reservoirs outside National Parks 


1,115 


14,000 


20 


507 


168 


a [3 




(plus Dee Estuary)3 












1- £ 


16 


Eight large inland reservoirs 


1,115 


12,500 


20 


519 


170 


iS fS 




(plus Oee Estuary) 












sg 




Morecambe Iplus 


1,115 


6,000 


60 


523 


176 






(plus Dee Estuary) imajor 
















jinland 
















Morecambe i Solway jreser- 


1,450 


9,500 


60 


765 


241 






(plus Oee Estuary) )volrs 













1. Progranime coats include a proportion o{ the total coat of achemea, including estuary achemea or 
atagea thereof, which would provide aurplua capacity at 2001 (See Appendix X, para. 18). 

2. Excluding eatuarial aitea and isolated aourcea, the latter using about 1,500 acres and possibly 
including one or two sites in National Parke. 

In determining areas in the table, estimated areas at TWL have been increased by Thi per cent to 
allow for marginal needs. 

3. But including Farndale. 
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CHAPTER 8 : SUMMARY AND RECOMMENDATIONS 



162. We have set out to assess ail water demands - public and private - in the 
six northern river authorities during the remainder of this century, to 
assess all natural fresh water resources and to compare the overall regional 
economy of matching the two in a variety of ways. 



163. The present population of 14.8 millions uses about 900 m.g.d.^ from the 

public water undertakings. This represents an average of about 62 gallons/ 
day per capita of which 27 gallons/day is for metered trade and industrial use. 
The authorised resources of the present 82 undertakings aggregate about 1,150 
m.g.d. For future years the following demands are expected: - 



Year 



Population x 



Gallons/day 
per capita 



Approximate 
Total m.g.d. 



1981 16,080,000 X 85 

2001 19,200,000 X 100 



1,400 

1,900 



164. Licenses for abstraction other than those held by public water undertakings 
aggregate about 7,000 m.g.d. Present gross use by these licencees (broadly 
speaking, industrial abstractors) probably averages about 4,000 m.g.d. After 
allowing for future re-use of sewage and industrial effluents we have concluded 
that the growing requirements of this sector can probably be met by providing 
extra inputs to the system of about 50 m.g.d. in 1981 and 100 m.g.d. in 2001. 



165. We have concluded that the additional needs of public water undertakings 
and other water users may be represented by demands at thirteen ‘demand 
centres’, aggregating about 300 m.g.d. in 1981 and 1,000 m.g.d. in 2001, 
including allowances of 30 m.g.d. and 100 m.g.d. respectively for the possible 
needs of North Lincolnshire. 



166. Potential new resources have been assessed in the following groups: - 

(a) Isolated sources, of local significance, of which it has been 
assumed that a proportion amounting to 125 m.g.d. of yield will 
be developed. 

(b) Inland storage schemes of various kinds which can be used to 
regulate the less industrialised northern rivers to give yields 
to supply aggregating about 2,250 m.g.d. 

(c) Schemes for estuary storage at Dee, Morecambe and Solway which have 
been estimated in preliminary reports by consulting engineers to be 
capable of giving a combined yield of about 1,400 m.g.d. 

167. We have made no analysis of schemes (a), but we have made technical assess- 
ments of schemes (b) - about 85 in all - and our aim has been to assess 

the characteristics and the costs of these schemes, and combinations of them, 
and to present the results in a simple way and one which permits reasonably fair 
comparison throughout the region. 

168. A balance has been drawn up between total resources and needs in each 
river authority area. Demands have then been grouped into thirteen demand 

districts for the purposes of further analysis and the net new demand of each 
district has been determined by deducting surplus existing resources and an 
appropriate proportion of the yields of possible isolated sources ((a) above). 
These net demands remain to be met by regional resources programmes built up of 
sources (b) and (c) above. 

Million gallons per day. ~~~ ~~ ~~ ~ 
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169. Progranmes of development have been evolved in which selected regional 
sources are brought into service and are linked with the demand districts - 

by river where possible, elsewhere by pipeline - so as to meet the predicted 
needs. Programmes have been subject to rules governing, say, the type or number 
of sources and within these each programme has been optimised to give a resources 
network of minimum real (i.e. discounted) cost over the whole region and the 
entire period. 

170. The costs of construction, maintenance and operation of storage works, 
strategic aqueducts and treatment works have been incorporated in this 

analysis. Overheads on the above works have been included but local authority 
rates have not. Nor has anything been added to cover distribution within each 
demand district but allowance has been made for the special treatment needs of 
particular districts. The effective unit cost of water (perl.OOO gallons) from 
the cheaper programmes would be much the same in 2001 as it is today. 

171. Expenditure on such a system, together with isolated sources, is estimated 
to total £380 to £465 million between now and the end of the century, 

depending on the programme adopted. Programmes which would avoid developments 
(other than Farndale) in national parks or which would concentrate all strategic 
development in seven or eight large reservoirs seem likely to cost about £30 and 
£40 million above the minimum, respectively. 

172. The costs of programmes which incorporate estuary storage after 1981 also 
seem likely to exceed that of the minimum cost programme by upwards of 

£30 million depending upon the yields and combinations involved. The estuary 
yields covered in these programmes represent between a third and three-quarters of 
the overall requirements of the region. The problems and costs of estuary works 
are the subject of further studies, however, as are the values of offsetting 
benefits, and these comparisons should be treated with caution. 



173. Comparison should rest mainly on discounted costs. For a few of the most 
distinctive programmes the costs of building up the system and operating 
it in perpetuity, discounted to 1970 at 8%, are as follows; - 







Estimated Cost 


Area of 


Land Used^ 


Prog. 

No. 


Programme 


1970 Value 
at present 
prices 
(£ 

mill ion) 


Approx. 
Percentage 
increase i 
over 


Nearest 

500 

acres 


Approx. 
Percentage 
saving on 
Programme 
No.l 


1 


Direct supply to all demand 
centres 

(ui new inland reservoirs) 


159 


32 


22,500 




2 


Cheapest Programme 
(17 new regulating reservoirs) 


121 


- 


14,500 


35% 


3 


Programme commencing with 
Farndale reservoir but using 
no other sites in National 
Parks or Areas of Outstanding 
Natural Beauty 

(15 new regulating reservoirs) 


132 




14,000 


38% 


5 


programme of seven or eight 
major regulating reservoirs 


136 


12 


12,500 


44% 


6 


Programme of three estuaries 
(620 m.g.d.) plus inland 
sources (220 m.g.d. ) 


145 


19 


3,500 


85% 



1. Exclvding estuarial sites and isolated sources, the letter using approximately 1,500 acres and 
possibly including one or two schemes in National Parks. 
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174. Various sensitivity tests such as the elimination of the export to North 
Lincolnshire which has been allowed for in our basic programmes, changes 

in the discount rate, change in the cost of power relative to other costs a^ 
change in geographical balance of demand, have been applied (Appendix X). Ihe 
relative costs of programme types do not change significantly, however. 

175. Programmes have also been developed which would permit the export of water 
into the West Midlands; these are intended merely to indicate ways in 

which the north might be able to help areas further south Under these programmes 
storage in the north would be made available for the regulation of the River 
Severn, so enabling an extra 275 m. g. d. or, alternatively, 600 m.g.d. to be 
abstracted from that river. Overall expenditure on these programmes is of course 
considerably greater than on the basic programmes but in discounted terms the 
unit cost (cost per 1,000 gallons) of 275 m.g.d, of exported water is not materi- 
ally different from that of the water provided by the basic programme. for the 
larger export quantity, it would be some 50% more than the unit cost of water 
from the corresponding basic programme. 



176 No programme is specifically recommended for adoption. Indeed, the 
programmes are put forward not as cut- and-dried development plans but as 

reference points to chart the field of choice. Subject to the results of 
necessary engineering investigations - inland as well as xn the estuaries - the 
cost differences evaluated should be weighed against the less tangible social 
factors which will affect choice, as well as the needs and opportunities of the 
adjoining region, before deciding the type of long term programme to be pursued. 

177 Enough information must be obtained both about the estuaries and inland 
site* to take these decisions by 1971-72 although the long term strategy 

may not begin to take shape on the ground until about 1980. Meanwhile, we have 
put forward in Qiapter 5 proposals - subject to detailed review by river 
authorities - which would enable each demand district to meet its short term 
needs without unduly prejudicing the form of the long term strategy. 



178. Although some of the cost differences which we have indicated may seem 
marginal and our reflections on social considerations inconclusive it must 

be borne in mind that the adoption of any concerted plan of action is likely to 
prove a good deal more economical and easier to carry out in an orderly way than 
continued reliance on the separate initiatives of water undertakings and others 
seeking their own salvation. This economy will depend, however, on retaining 
flexibility within the system - in particular freedom to re-allocate raw water 
supplies throughout the region as circumstances demand. 

179 . It is desirable that the decisions referred to in paragraph 178 be taken 
in the light of design information at other reservoir sites comparable 

with that which will be available for Morecambe Bay and the Dee Estuary at the 
conclusion of the feasibility studies. Certain sites - principally those on 
which the ‘large source’ programme is based - would play a part in many of the 
possible programmes of development. On the assumption that it is desirable to 
keep a wide range of options open we therefore recommend that the feasibility 
of constructing dams at the following major sites - including site investigations 
where necessary - should now be established; - 
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Otterstone 

Irthing 

Witton-le-Wear 

Middleton 

Bishopdale 

Arkle Beck 

Birkby Nab 

Brenig 

Hellifield 

Borrowbeck 

Kiliington 

Marron 

Enlarged Haweswater 



River North Tyne: 
River Irthing: 
River Wear ; 

River Tees: 

River lire : 

River Swale: 

River Ure: 

River Dee: 

River Ribble: 
River Lune: 

River Kent: 

River Derwent: 
River Eden: 



Northumbrian R.A. 
Cumberland R.A. 
Northumbrian R.A. 

Yorkshire Ouse & Hull R.A. 



Dee & Clwyd R.A. 
Lancashire R.A. 



Cumberland R.A. 



180. In addition certain local developments (including some listed as 'isolated 
schemes' ) will have to be pursued urgently by river authorities and water 
undertakings and the necessary engineering investigations should proceed without 
delay. These include the following: - 



Northumbrian R.A. An aqueduct to link Tyne, Wear and Tees. 

Yorkshire Ouse & The economics of liaison between the Leeds and Bradford 
Hull R.A. water undertakings and of relevant storage developments in 

the area; the possibility of developing underground storage 
in the chalk of the River Hull basin for regulating the flow 
of the river; conversion of existing Gouthwaite reservoir 
from compensation to regulation and the possibility of 
enlarging the reservoir. 



Mersey & Weaver The development of storage, either surface or underground, 

R.A. for use in conjunction with the Rivers Dane, Weaver, Bollin, 

Irwell and Tame. 



Lancashire R.A. Use of existing reservoirs and of underground storage in con- 

junction with suitable river abstractions, together with the 
possibility of constructing a tidal barrier on the River Lune. 
The possible use of the Lancaster Canal as a transmission link. 

Cumberland R.A. Control of Bassenthwaite Lake to provide additional supplies 

in addition to providing benefit to the river; in conjunc- 
tion with Manchester Corporation the possibility of using 
part of Thirlmere storage for regulation of the River Derwent. 
In the short terra, development of underground supplies from 
the St. Bees Sandstone in West Cumberland. 



181. Reference has been made in Chapter 5 to certain problems which may arise 
from extension of the relationships which have evolved between Manchester 
Corporation and other water undertakings. Manchester’s conservation works have 
hitherto been a corner-stone of water resources development in the north-west and 
many of the smaller undertakings have benefitted from the city's enterprise. 
Nevertheless the further development of rigid bulk supply reservations under the 
Manchester Corporation Acts might prejudice the freedom of choice between the 
longer term development plans we have outlined in Chapter 7 and to this extent 
impede the proper development and use of water resources. The time may therefore 
have come for a re-examination of these arrangements. 



182. Reference has also been made in the report to the duties of river authorities 
under Section 14 of the Water Resources Act 1963 and to the functions and 
obligations of statutory water undertakings and it is on these bodies that the 
onus of carrying out recommendations based on this report will rest. If plans of 
the kind we have outlined are to command general assent and are to be put into 
effect, careful thought will have to be given to the administrative problems 
involved and in particular to arrangements for equitable financing both of short 
term and long term regional plans. 
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APPENDIX I 



Tables of Demands and Resources, Surpluses and Deficienc 
(Statutory Water Undertakings) 



Tables I include statistics for statutory water 
undertakings from the latest date available, i.e. 
for the year 1967. Map 2 shows the areas of 
supply of the tabulated undertakings as at 
31st March 1968 and takes account of all 
re-groupings to that date. 
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PiORTHUMBRIAN RIVER AUTHORITY 
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Table II - IMPORTS - NIL 
Table III - EXPORTS - NIL 
Table IV - NET DEFICIENCIES 
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TABLE II - IMPORTS 
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by deduction of Imports from deficiencies in Table I - to nearest 5 m.g.d, 
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Effective deficiencies by deduction of 



Is 



Apparent Overall Deficiencies 
1-) or Surpluses(+)^on Net 


1 

1 

+ 




g 




' ' ' ' ' ' ' ' ^ '''S'' 


3 


1 

i 


S”'SS SSSS' 


1 328.0 


0.1 

1.7 

1.2 


5 


1 

1 


=ji 


5 






(DBulk Supplies 


11.9 

11.6 

0.1 

0.1 

0.7 

0.5 


i 


7.4 

6.1 

0.1 

0.7 

0.5 

6.0 

4.4 

4.1 

1.1 

2.0 




ii 


6.9 
19. S 

0.5 
1 5.4 

: 3.0 

5.1 

7.0 

24.0 

6.0 

0.1 

9.9 
5.3 

3.0 1 

7.8 
15. Q 

19.1 

5.1 
14.0 

9.1 


T99T 1 


1 


6.9 

17.1 

0.5 

5.4 

3.0 

5.1 
6.0 

24.0 
6.0 

0.1 
B.9 1 

4.5 

1.5 , 

5.5 
12,3 

18.1 

5.1 
14.0 

9.1 


T'esi; 1 


Average daily demands 

m.g. 


1 


_ 


i 


"'233'' 5SS-'S3 


I 


co^-d-o^o I~. O O O 0>CMvOfA(t\ .NJ o o OS o o> 


CJ 


“SgSK “S”"" 3SS"SS 


I 


1 




s 


'^S='='£ =a,;jd 


f 




Ashlon-under-Lyne etc. W.J.Ctee. 
BoUon C.B.C. 

Chester W.W.Co. (2) 

Heywood 4 Middleton w. 0. 
Liverpool C.B.C. (3) 

Macclesfield District W.B. 
Makerfleld W.B. (4) 

Manchester C.B.C. (5) 

Mid Cheshire W.B. (2) 

North Derbyshire W.8. (7) 

Oldham C.B.C. (?) 

Rochdale C.B.C. (7) 

Runcorn District W.B. 

Staffs. Potteries W. B. 

St. Helens C.B.C. 

Stockport 4 District W.B. 
Warrington C.B.C. ^ ^ 

Widnes M.B. 

Wlrral W.B. (2) 


Totals m.g.d. 


Ref. 

No. 
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to nearest 5 m.g.d. 
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daily transfe 
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Appendix I 



Effective deficiencies by deduction of imports from defi 



CUMBERLAND RIVER AUTHORITY 

PUBLIC WATER SUPPLY 
TABLE I 




Print^jraaflgtdigitised by the University of Southampton Librat^Digitisation Unit 



Manchester C.B.C. transfer to Merse, and Heaver 



APPENDIX II 



63 



Printed image digitised by the University of Southampton Library Digitisation Unit 



APPEIVDIX II: INDUSTRIAL RIVERS 



1. On inland reaches of rivers where major industrial use and re-use cycles 
occur it is necessary to assess for any point on the river; 

(a) the present resources of the river in terms of its capacity 

to sustain further losses from dry weather flows, or to absorb 
further heat or contaminant loads; 

(b) the effects of any likely future abstractions and discharges on 
those resources (e.g. assumed growth in demand for public water 
supplies implies increased discharges of sewage effluents which 
may permit further net abstractions). 

Analyses of these variables is most conveniently effected and displayed in the 
form of a residual flow diagram. This indicates for given flow conditions at a 
given date the expected pattern of abstractions and returns and hence the 
residual resources. 

2. A river, or reach of river, is represented by a central vertical axis to the 
left of which is plotted the estimated natural dry weather flow of the river 

to any desired degree of design severity. Artificial interferences with natural 
flow are plotted cumulatively in the downstream sequence in which they occur; 
positive contributions - compensation water or effluent discharges - to the right 
and abstractions to the left of the axis so that the horizontal distance between 
the natural and artificial flow lines gives the residual flow in the river at any 
point along its length. Specimen diagrams compiled in this way are included at 
the end of this Appendix 

3. The artificial flow line will cross the vertical axis if cumulative abstract- 
ions exceed cumulative artificial contributions, indicating that the 

abstraction is being made at the expense of the natural dry weather flow of the 
river. The extent to which any such abstraction may be at risk in dry weather 
can be illustrated by considering a family of curves representing the natural dry 
weather flow in the river for different probabilities of occurrence. 

4. The degree of risk which will be acceptable to any particular abstractor 
must involve the economics of loss of output, storage of product, storage of 

water on site, etc. Evaluation of these considerations lies beyond the scope of 
this study. In the examples which are attached at the end of this Appendix 
curves have been plotted either for one set of flow conditions taken from historic 
data for an exceptionally dry period, or dry weather flows calculated for one or 
two statistical probabilities - the driest week in any one year or the driest 
week in any ten years. We do not purport to draw any conclusions from any of these 
design conditions. 

5. Had we been able to establish acceptable degrees of risk, and hence the dry 
weather flow conditions appropriate to our considerations the next step in 

our assessment of existing resources would have been the determination at any 
point or points in the river system of the minimum residual flow necessary to 
safeguard all riparian requirements. As in the previous considerations, deter- 
minations of such minimum flows is a complex matter which will demand continuing 
study by the river authorities. No determinations have yet been made for any of 
the northern rivers with which we are particularly concerned. 
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6. Hus the residual flow diagrams of existing conditions fall short 
general statement of the net resources at present avaUable “V 

the system. They do however provide guidance on the location of ri e 
where residual resources are relatively ample or scarce. 

7. Most of the industrial rivers with which we are 
able contributions to artificial flow from effluents 

treatment works. In our survey of public water supply f 

over the next 30 years or so consumption would rise at ‘ho “f ^out 3% P 

annum. Sewage effluents must show a similar increase and the ^“"dual flow 

diagrams can therefore be extrapolated to show the increased residual 

will be available by the end of the century, if abstractions remained unchanged. 

8. Similarly if industrial abstractions and returns are assumed , «row at say 
4% per aLum, the overall effect of increased abstractions and increased 

sewage effluents on the final residual flows can be displayed at “V ‘«rget date. 
In the examples attached those extrapolations have been made for conditions a 
2001. 



9. If the extrapolation shows that at no point in the river is the final 

residual flow likely to be less than under present conditions, then on the 
assumption that existing conditions are tolerable, future abstractions will be 
covered by increased sewage effluent discharges and no provision need be made to 
supplement river flows. There may, of course, be oases where dry weather flows 



will require augmentation for amenity purposes 



but we have not envisaged the 



provision of new resources for this purpose in any of the c. 



ases considered here. 



10. It must be emphasised that these extrapolations assume that the additional 
sewage effluents will be discharged as a proportionate increase in existing 
effluents at the same points in the river system and that future industrial 
demand may be represented by an increase in existing uses. This is unlikely to 
be the case. Some future sewage effluents may be treated at existing works, 
extended to cope with the additional load, but others may be treated at new 
sewage treatment works designed to cover a number of existing authorities with 
the final effluent discharged at a new location. Similarly^ industrial growth _ 
at an existing abstraction point may be restricted by the limitations of the site 
and a new demand may arise elsewhere on the river. 



11. These variations in effluent discharges and abstractions will in due course 
require the consent of the river authorities under the Rivers (Prevention oi 
Pollution) Acts or the Water Resources Act but it is obviously impossible at this 
time to attempt to predict the effects of all possible variations. For 
present exercise we have assumed that provided the estimated increase in effluents 
exceeds the estimated increase in net abstractions, a balance can be achieved by 
detailed planning of future points of abstraction and discharge. On this basis 
the industrial direct abstraction demands have been analysed for the industrial 
rivers of the north leading to the conclusions in Chapter 3. 
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TABLE I I /I 
INDUSTRIAL RIVERS 

EXPECTED VARIATIONS IN ARTIFICIAL FLOWS 



Ri ver 




1981 


Present 
mini inurn 
fl ow 

m. g.d. 


Estimated 

increase 

In 

sewage 

effluents 

m. g. d. 


Possi b1 e 
increase 
in net 
industri a1 
demand 

m. g.d. 


Net 

residua! 

flow 

m.g.d. 


A1 re 




12 


6 


40 


Cal der 


52 


12 


5 


57 


Don 


48 


18 


18 


48 


Irwell^'^ 


61 


16 


- 


77 


1 ? 

Mersey-^’ ' 


60 


14 


- 


74 


Bonin^-2 


12 


4 


- 


16 


Weaver^ 


34 


4 


3 


35 


Douglas 


20 


6 


2 


24 


Ribble 


80 


14 


3 


91 

. 



Estimated 
crease 



Possi b1 e 
increase 



industrial 

demand 



Net 

esi dual 
fl ow 



12. The analyses have been confined to consideration of quantity only and it h^ 
not been possible to extend them to cover temperature and water quality. Th 

same basic approach can be applied to any parameter, and will undoubtedly “ “ 
necessity for efficient river management in the future. At present coraprehensi 
""eLed data does not exist; its acquisition and the development of techniques 
of analysis will involve years of work. 

13. Water quality is obviously an important factor which the analyses have not 
taken into account. In general it is desirable that improvement in effluent 

standards should at least suffice to maintain present standards of quality in 
rivers; in certain cases it will be desirable to set improved quality targets 
for specific river reaches. Within this framework, opportunities should be sought 
for locating new abstractions where suitable qualities as well as quantities are 
available before having recourse to river regulation or other special measures 
improve the quality of water available for abstraction. 



I. Selected rivers from 



complete analysis of the whole of the River Authority area. 



2. On these rivers detailed analysis indicated no overall irowth in direc 
years the trend has been towards transfer of demand for hi6h quality w 
This trend is expected to continue and is reflected in the estimates o 
metered consumption in the Mersey and Weaver area in Table A of Chapte 



t abstraction. Over recent 

ater to the public supply, 
f public water supply 
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U. Samples of the residual flow diagrams used in the analyses are attaohed for 
the following rivers:- 

1. Dane and Lower Weaver 

2. Irwell 

3. Aire 



4. Calder 



15 



5. Don 

The Dane and Lower Weaver is a river system on which the growth of abstract- 
ions may exceed the estimated increase in effluent discharges and augmenta- 
tion of river flows may be necessary. In this case schemes are included in the 
isolated sources schedule which could meet this need. the Biver Irwell “ “ 
example of a river where existing effluent discharges far exceed net abstractions 
and where growth at the expected rates will increase dry weather flow. 

16. The diagrams for the Aire, Calder and Don are composite diagrams for the 
whole of these main rivers and summarise the overall position in the rive 
authority area. In all the lower reaches increased effluents exceed any probable 
growth in abstraction. In the upper reaches and on some of the tributaries, where 
this is not the case, existing abstractions are for old established industries 
where little growth is expected. 



17. For the industrial rivers which have been analysed total additional con- _ 

tributions to flow and estimated increases in net abstraction are summarised 
in Table II/l opposite. 
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Diagrams 1-13 Demands/Resources diagrams for demand districts 
Diagram 14 Growth of Demand 
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4PPENDIX IV: WATER QUALITY 



1. We indicated in Chapters 2 and 6 that, in the main, water supplies in the 
north have been drawn traditionally from direct supply reservoirs. It is 

only in recent years that a significant part of the supply has been derived from 
river abstractions. Development programmes in which the bulk of future supplies 
would come from regulated rivers would thus present treatment problems on a 
scale not previously encountered, 

2. The investigation of these problems was referred to a Sub-Committee of 
chemists drawn from water undertakings and river authorities. The follow- 
ing served on the Committee and we are indebted to them for their services in 
producing the report upon which this .Appendix is based. 



J. W. Atkinson B.Sc., P.AIWE, FCS. 

F. Bell B.Sc. , ABIC. 

W. K. Ellison B.Sc., FRIC. , MIWPC, PCS. 
M. A. Hilson ARIC, P.AIWE. 

E. Howarth LRIC. 

M. Lovett O.B.E., B.Sc., FRIC, FISP. 



Manchester Corporation W.Wks. 
Newcastle and Gateshead W.Co. 
Lancashire River Authority. 
Fylde Water Board. 

Bradford Corporation W.Wks. 
Yorkshire Ouse and Hull R.A. 



A. T. Palin B.Sc., Ph.D. , FBIC. Newcastle and Gateshead W.Co. 

3. The general objectives of the Sub-Committee were to establish the 

differentials in treatment costs implied by a change from the present 
direct supply sources to supplies from regulated rivers or barrages; and in 
addition to identify industries with special requirements for which a change in 
supply might entail the cost of additional treatment above that required for 
potable supplies. 



4. The investigations involved: 



(a) an assessment of probable raw water qualities from regulated rivets 
and from barrages; 

(b) au assessment of treated water quality requirements for domestic and 
general trade and for special industrial uses; 

(c) an assessment of the treatment necessary and an estimate of treatment 
costs. 



Estuary schemes - raw water quality 

5. Conclusions as to the quality of raw water which will be made available 
f f n"? est«.ries must obviously await the completion 

of full feasibility studies In the meantime the Sub-Committee studied the 
limited data which were available with a view to providing preliminary estimates 
oi treatment costs for use in economic comparisons. 
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In the case of Morecambe Bay, analyses of the composition of the rivers 
flowing into the Bay were provided by the Lancashire River Authority on the 
basis of samples taken from April to December 1967. Estimates of the chloride 
level in a direct impoundment given in the barrage desk study were supplemented 
by advice from Professor L. Huisman of Delft Technological University, Holland. 

7. The Sub-Committee considered that the bacteriological quality of the raw 
water was likely to fall into Class II of the World Health Organisation 

standards for raw water and that conventional treatment methods of coagulation, 
sedimentation, filtration and disinfection as proposed by the consulting engineers 
in the desk study report would be applicable. Average total hardness was thought 
unlikely to exceed 70 mg/1 and the final chloride concentrations were considered 
to be of significance only in relation to dezincification of duplex brass fittings. 
Taste problems may well arise from the growth of algae but even more intractable 
waters can now be handled by modern techniques in the treatment plant proposed. 

8. In the case of Dee and Solway no additional data was available and the 
assessments made by consulting engineers in the desk study reports were 

accepted. 

Regulated river supplies - raw water quality 

9. The rivers considered as possible sources of supply and the notional 
abstraction points are given in Schedules II of Appendix IX. From the out- 
set it had to be accepted that time did not permit the setting up of a sampling 
programme and that assessments would have to be based upon the existing records 
of river authorities and water undertakings for the sampling point nearest to 
the point of abstraction. (The need for a comprehensive programme of sampling 

on those rivers likely to be future sources of supply was emphasised so that more 
complete data will be available when treatment plants are being designed). 

10. Existing data consisted of analyses of monthly samples from river authority 
records supplemented in the cases of Lancashire and Northumberland by other 

analyses provided by the statutory water undertakings and industrialists. 

Scrutiny of the data gave the range and mean value in the natural river flow of 
the key parameters determining the costs of treatment of raw waters to potable 
standards. (Hardness, alkalinity, colour, turbidity, chloride content and pH 
value). In some cases data on colour and turbidity was not available and 
inferences had to be drawn from records of suspended solids and B.O.D. 

11. In regulation schemes abstractions must be made from the natural river flows 
for about half of the average year. In some cases this water may be pumped 

into bulk storage before being passed into supply, but in general it will be 
pumped, possibly after short retention in tactical storage, directly to treatment 
and supply. Consideration of the effects of regulation on the quality of the 
water at the abstraction point requires detailed knowledge not only of river 
water quality and variation with flow, but also of the quality of the water 
impounded and the proportion of releases from the reservoir to natural river 
flow. Such data will not be available until specific sites are selected and 
detailed investigations have been completed. At present assessments of average 
treatment requirements can only be based upon the range of quality of the 
natural river assuming that treatment plant must be provided to cope with the 
worst conditions encountered and average maintenance costs assessed on the mean 
quality within the limits of the data available. 
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12, a. these assumptions the Sub-Committee concluded that all the proposed river 
regulated sources could be treated by conventional coagulation, sedimenta- 
tion, filtration and disinfection to provide water of a quality acceptable for 
general domestic and the bulk of industrial purposes. In the special cases of 
the three lakeland rivers, Leven. Duddon and Calder/Bleng, coagulation, filtration 
and disinfection would probably be adequate. 



Treated water requirements 

13. The Sub-Committee’s standards for general domestic use followed broadly the 
World Health Organisation International Standards for drinking water 

supplies with the exceptions that a total hardness limit of 150 mg/1 was adopted 
and a lower level of chlorides was suggested in an endeavour to alleviate the 
dezincification, problem. The latter suggestion was qualified however by a 
recommendation for detailed investigation into probable chloride levels from 
barrage supplies coupled with fundamental research into the factors causing 
^ dezincification, and a conclusion that if dezincification remained the only 

objection to an otherwise acceptable and economic supply then the higher W.H.O. 
limit of 250 mg/1 for chlori,des could be tolerated and the use of duplex brass 
fittings precluded. 

14. The review of special industrial requirements was based upon examination of 
literature, data resulting from enquiries by the Manchester Corporation 

Waterworks and enquiries to individual industries and Research Associations. 

I Consideration of this information led to the conclusion that the textile and 

associated industries, traditionally established in the soft water areas (Demand 
Districts Preston, Liverpool, Manchester and West Riding North) were the only 
major industrial group with general quality requirements more stringent than the 
i proposed standards for potable supplies. For these industries the critical 

quality parameter is total hardness and a level of 70 mg/1 is the maximum 
permissible without additional treatment at the factory. 

15. Many of the rivers considered as sources of supply have a mean hardness in 
excess of 70 mg/1 and supplies from these sources should carry a weighting 

if considered for use by industry in any of the districts listed alDove. The 
possibilities of separate industrial supplies or of additional site treatment of 
the industrial sector were considered but it was suggested that for these areas 
the practical - and probably the economic solution • was to allow in the 
estimated costs of treatment for softening the whole of the supply down to 70 mg/1. 

i l6. It was accepted that even this standard might involve a few consumers with 
particularly stringent requirements in trouble or expense but these will 
i only use a very small proportion of the total supply and the additional costs 

would be insignificant in the overall comparisons. Abrupt variations in quality 
I also raise problems and in areas accustomed to very soft water the introduction 

of new supplies of 70 mg/1 hardness calls for controlled blending leading to a 
[ gradual and predictable increase in total hardness. 



Treatment Costs 

17. The Sub-Committee considered the data available from the Water Research 
Association survey into conventional water supply costs (W.R.A. T.P. 60 
1967), recently published cost and estimating data and maintenance and operating 
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costs provided by members for their own and other water undertakings. Independent 
assessments were also made of the cost of chemicals required for the treatments 
envisaged based upon current prices. The various approaches produced costs in 
reasonably close agreement and the unit costs given in Table IV/1 below were 
adopted. 



TABLE IV/1 



Treatment Costs 
pence per 1000 gallons 


Treatment 


Capital Cost 


Maintenance 

and 

Operation 


Total 


Single stage treatment 
(no sedimentation) 




1.5 


1.0 


2.5 


Two stage treatment 




3.0 


2.0 


5.0 


Lime softening 




- 


0.005H 


0.005H 


Soda softening 




- 


0.021H 


0.021H 


Stabilisation after Lime 
lime -soda softening 


or 


- 


0.15 


0.15 


Ion Exchange softening 




- 


- 


0.03H 



H refers to the amount of hardness to be removed in mg/1 of CaCDg . 



18. It was assumed that basic two stage treatment plant would be similar in all 
cases and that lime soda softening if required would be carried out in the 
sedimentation tanks (using chlorinated copperas as a coagulant) with no addition 
to capital costs other than the storage facilities required for additional 
chemicals. A representative capital cost of £,55,000 per m.g.d. was assumed, 
equivalent to a unit cost of approx. 3. Od. per 1000 gals. Ion exchange softening 
was proposed only for those waters not amenable to lime soda softening e.g. the 
River Lune, the hardness of which would have to be reduced from 90 mg/1 to 70 mg/1 
for special industrial requirements, a range in which lime soda softening may not 
be effective.^' In this case the process would have to be superimposed on the 
basic treatment and the unit cost quoted includes the capital cost of the 
additional plant. Estimates of chemical requirements included an allowance for 
5 mg/1 of activated carbon for taste removal because river derived waters will 
almost certainly pose taste problems at times. 

19- Table IV/2 lists the proposed sources and possible destinations together with 
the maximum and mean total hardness obtained from the analyses described in 
paras. 9 and 10. On the assumptions that all supplies will be softened if 
necessary to provide a water for general purposes not exceeding 150 mg/1 hardness 
and that the water supplied to the special industrial areas will be softened to 
70 mg/1 hardness, the unit costs in Table IV/1 have been applied to give a 
specific treatment cost for each source to each destination within its command 
area as tabulated in Table IV/2. 

^ 'Experiments csrrled oat subsequently have indicated that lime pellet softening may be practicable on 
water from the River Lune. 
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20. The precise figures given for treatment costs mayseem to imply a greater 
knowledge of raw water quality and treatment requirements than is possible 
from the limited data available. They are, however, no more than the applica- 
tion of the estimated basic unit costs to the average qualities of the selected 
sources as assessed on present knowledge. More comprehensive and more detailed 
investigation should obviously precede the design of individual schemes and 
specific projects may show quite wide variations from the average. The Sub- 
committee was confident, however, that the costs quoted represented nearly enough 
the real differences in average treatment costs for the types of source and the 
demand districts concerned. 
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TABLE IV/2 



Estimated Water Treatment Costs 



Source River 


6 


€ 

e 




Treatment cost pence/1,000 gaits at 


d..ti 


at Ion 




1 

1 


Teesside 


Hul 1/Humbersi de 


! 


West Riding South | 

1 


§ 


Chester 


Liverpool /Manchester 


c 


Cumber) and 


Coquet 


175 


130 


5.0 




















Tyne 


19U 


lilO 


5.0 


5.0 


5.0 


5.5 


5.0 


- 


- 


- 


- 


- 


Wear 


336 


220 


5.5 


5.5 


5.5 


6.0 


5.5 


- 


- 


- 


- 


_ 


Tees 


300 


185 


- 


5.3 


















Yorks. Derwent 


332 


230 


- 


- 


5.6 


6.0 


5.6 


- 


- 


- 


_ 


_ 


Wharfe 


252 


17.5 


- 


- 


5.3 


5.7 


5.3 


- 


- 


- 


_ 


_ 


Ouse (Nun Monkton) 


325 


200 


- 


- 


5. It 


5.8 


5.4 


- 


- 


- 




_ 


Ouse (Selby) 


295 


200 


- 


- 


5.4 


5.8 


5.4 


- 


- 


_ 


- 




Clwyd 


- 


<150 


- 


- 


- 


- 


- 


5,0 


- 


- 


- 


- 


Dee 




95 


- 


- 


- 


- 


- 


5.0 


5.0 


5.3 


- 


- 


RIbble 


24H 


150 


- 




- 


5.6 


5.0 


- 


- 


5.6 


5.6 


- 


Lur>e 


126 


87 


- 


- 


5.0 


5.5 


5.0 


- 


- 


5.5 


5.5 


- 


Wyre 


50 


112 


- 
















5.0 


_ 


Kent 


108 


79 


- 


- 


5.0 


5.3 


5.0 


- 


- 


5.3 


5.3 


- 


Leven 


30 


25 
















2.5 


2.5 


- 


Duddor 


- 


< 30 


- 


- 


- 


- 


- 


- 


- 


2.5 


2.5 


2.5 


Calder/Bleng/irt 


- 


< 70 




















2.5 


Cumberland Derwent 


- 


< 70 




















5.0 


Eden 


- 


SO 


5.0 


5.0 


- 


- 


- 


- 


- 


- 


_ 


5.0 


Morecambe 8ay Barrage 


- 


65 


5.0 


5.0 


5.0 


5.0 


5.0 


- 


- 


5.0 


5.0 


5.0 


Solway Barrage 


- 


80 


5.0 


5.0 


5.0 


5.3 


5.0 




- 




.3 


= .o 
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APPENDIX V: GEOLOGY 



1. Within the region are found rocks which range in age from the Ordovician 
and Silurian of the Lake District to the Cretaceous Chalk of East Yorkshire. 

Large areas of these are masked by superficial deposits consisting of glacial 
boulder clay, sand and gravel and post-glacial gravels, peats and alluvium. The 
Pennine Chain of Carboniferous strata, which runs southwards from the Scottish 
border to the southern margin of the region, separates the Lake District and post- 
Carboniferous deposits on the west from those on the east. On the flanks of the 
Pennines are the coalfields of Northumberland and Durham, Lancashire and Yorkshire; 
coal and iron fields fringe the Lake District. Permian and Triassic strata 
occur on the east, north and west sides of the latter district, in South 
Lancashire and Cheshire and also in a broad band from the north-east coast near 
Hartlepool southwards to Doncaster. Younger strata dip eastwards off this 
eastern outcrop. 

2. Within the area of the study preliminary consideration has been given to 
almost 100 possible dam sites, the majority of them on the Carboniferous 

strata of the Pennines, A desk study of existing maps and records, supplemented 
fay field inspection of a limited number of sites, enabled a choice to be made of 
likely locations for reservoirs. Ail of the sites suggested, listed in the 
schedules of resources in .Appendix IX, would require detailed investigation. 



3. The major and minor aquifers within the report area occur in the relative 
stratigraphicai positions listed in Table V/1. This is not a complete 
sequence of strata but is intended only to provide an indication of the positions 
of aquifers relative to other formations, the intervening relatively impermeable 
beds not being listed. The general distribution of these aquifers in the north 
is shown in Figure V/1. 



TABLE V/1 
Formation 

Pleistocene and Recent 
(superficial deposits) 

Cretaceous Chalk 

Jurassic Corallian 



Trias 



Keuper Sandstone 
Bunter Sandstone 



Type of Aquifer 

alluvium and river gravels 
glacial sands and gravels 

fine-grained soft limestone 

calcareous sandstones and 
oolitic limestones 

j red, yellow and white sandstones 



Permian 



Carboniferous 



Magnesian Limestone ) 

St. Bees Sandstone ) yellow limestones, 

Basal Sand ) sandstone 

Penrith Sandstone ) poorly-cemented sand 

Coilyhurst Sandstone ) 

Coal Measures ) sandstones and shales 

Millstone Grit ) 

Carboniferous massive limestones, thin 

Limestone limestones, sandstones and 

shales 
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4. Ground water has been developed, as immediate local needs have arisen, by 
sinking individual wells or boreholes into suitable aquifers. In this way 

almost full use of the long-term natural inflow to parts of certain aquifers 
such as the Triassic sandstones of south Lancashire has already been reached. 
Opportunities now arise of developing the storage within ground-water units more 
efficiently, by intermittent abstraction combined with surface run-off. In 
addi.tion in certain areas it may be possible to replenish aquifer storage by 
systems of induced or artificial recharge, but more needs to be known of the 
techniques involved. 

5. If changes in abstraction patterns are proposed so that, for instance, rates 
of abstraction are increased over limited periods then care must be taken 

to ensure that the likely resultant effects, particularly on stream discharge, 
are predictable and acceptable. In some localities uncontrolled abstraction 
over long periods in the past has led to the flow of saline or brackish water 
into aquifers bordering the coast, and in others to the flow of highly minera- 
lised ground waters or brines, either from deeper levels of the aquifer or from 
neighbouring masses of strata. If further gains in overall reliable yields are 
to be achieved by combined use of surface and ground-water resources then 
detailed investigation of the aquifer properties is required over a period of 
several years. 

6. When considering the possible development of any ground-water resource it 
must be borne in mind that the accuracy of assessment of the resource 

depends, in most cases, on a knowledge of parameters which themselves cannot be 
measured very exactly. Initial calculations of ground-water resources may be 
made from meteorological data, supplemented where possible by an assessment of 
the ground-water component of stream discharge from the relevant catchment. At 
present it is possible in only a few cases to determine changes in storage 
within an aquifer from a consideration of long-term abstraction and water-level 
fluctuation data. 

7. Assessments of ground-water resources have been made in some detail for 
particular areas where it appeared that these resources might need to be 

developed within the next decade. A number of isolated sources have been 
examined by statutory water undertakings, and broader investigations of parts 
of aquifers have been undertaken in the Fylde area and in the Tees Valley. 

8. pie potential yield of individual wells within the major and minor aquifers 
described in paragraph 3 above varies within wide limits. Areas in which 

ground-water could be developed in significant quantities are described below 
for each river authority area and are indicated on the map (Figure V/1) In 
addition those ground-water resources which may be developed within an overall 
regional plan are indicated on Map 5C. 



[\orthumbrian River Authority 

9. The principal aquifers are the Permian Magnesian Limestone and the Triassic 
sandstones. Ground-water in the Limestone has been abstracted for some 
years in the Hartlepools and Darlington areas. Recent investigations carried out 
between these two areas since November, 1967. have shown that up to 6 m.g.d. are 
available perennially from the Limestone within the catchment of the Skerne and 
Billingham Beck. A further 4 m.g.d. are probably available from this aquifer 
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within the river authority area. There are at least 5 m.g.d. available from the 
Triassic sandstones, but the distribution of mineralised ground-water within 
this aquifer is not clearly known. These developments are unlikely to reduce 
minimum stream flow. 

10. Isolated sources can be developed in the Carboniferous strata but the 
yields from individual wells will not exceed a few thousands of gallons per 

hour. During the early 1960's more than 90 m.g.d. were pumped to waste from 
mine drainage; the quantities thus discharged to streams and river systems have 
been reduced over recent years although it must be presumed that most of this 
water now reaches the stream by natural discharge. Much of this ground-water is 
highly mineralised and is not suitable for domestic and most industrial supplies 
without expensive treatment. In certain areas, however, where mining operations 

have been discontinued there are limited resources which might be developed but 

detailed investigations of quantity, quality and costs need to be carried out; 
on the other hand the abandonment of mines in some areas might appreciably 
reduce present dry weather flows - for instance, in the River Wear. 

11. Limited supplies may be provided by development of ground water within 

superficial deposits in the valleys of the Tyne and Tees basins. 



Yorkshire Ouse and Hull River Authority 

12. There are substantial quantities of ground-water available within the 
authority’s area but much is contained within secondary aquifers of the 

Jurassic and Carboniferous strata and can be developed only by a large number 
of bores with individual yields of the order of 0.25 m.g.d. 

13. The Chalk and Triassic sandstones represent the most productive aquifers. 

It may be possible to develop ground-water storage in the Chalk of East 

Yorkshire for regulation of the River Hull. A yield of about 10 m.g.d. might 
be available but detailed local investigations are required to determine the 
feasibility and costs of such a scheme. The Triassic sandstones in the Vale 
of \ork could be developed in a similar way but boreholes would need to be 
dispersed over an extensive area along the north to south outcrop of the aquifer. 
Care would need to be exercised with regard to rates of abstraction to ensure 
that mineralised ground-water could not contaminate the aquifer. 

14. Ground-water resources in the Jurassic strata and superficial deposits in 
the Vale of Pickering could be developed to meet the small local demands 

but might also be of limited use in maintaining stream flows for the benefit of 
users further afield. For this purpose they would need to be studied in detail. 



Dee and Qwyd River .Authority 

15. Additional ground-water could be abstracted, in comparatively small 

quantities, from the Triassic sandstones in the Vale of Clwyd and on the 
western margin of the aeshire Basin. A study of the former has led to propo- 
sals to investigate, by drilling and testing wells, the possibility of developing 
underground storage to provide a yield of 3 or 4 m.g.d. as a first stage in tL 
regulation of the River Clwyd. ® 
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16. Increased abstraction from the sandstones in West Cheshire by the Dee and 
Ciwyd and the Mersey and Weaver river authorities may lead to problems of 
mutual interference with resources between the two areas. Such problems will 
arise as development of the aquifer proceeds, and possible interference 
effects will have to be taken into account when future applications for licences 
are made. There is unlikely to be more than 4 m.g.d. available from this source. 
Similar quantities may be available from the Carboniferous strata, but in 
smaller quantities at individual sites to satisfy isolated local demands. 



Mersey and Weaver Ftiver Authority 

17. Most of the available ground-water resources have either been developed 
or determined by exploratory drilling and testing. Some isolated sites 

still remain to be developed, but in all cases cognisance must be taken of 
existing abstractions and of local hydrogeological problems such as saline 
intrusion or the presence of mineralised ground-water or brines. 

18. Further attempts to increase reliable yields from combined use of surface 
and ground-water resources will require detailed investigation of these 

aquifers over a period of time. Administrative difficulties will arise because 
of the complicated pattern of use made of this aquifer by a number of statutory 
water undertakings and industrial concerns. Ground-water levels are known to 
be falling locally indicating that more ground-water is being abstracted from the 
aquifer than is replaced on average by natural recharge. Any scheme to increase 
the reliable yield, through combined use, would need to be designed to arrest 
the continuing fall in ground-water levels, and so to protect the aquifer from 
progressive invasion by poor quality ground water. The river authority is 
actively investigating the ground-water conditions in its area and intends to 
record its initial findings in the Periodical Survey in the near future. In the 
meantime, extreme caution is needed when making estimates of future yields of 
the sandstone aquifer in this difficult area. 



Lancashire River Authority 

19. Isolated local demands can be satisfied in parts of the authority’s area 
from ground-water resources within the Carboniferous, Perrao-Triassic and 

superficial deposits . 

20. An analysis of available data indicates that the long term natural recharge 
of the Triassic sandstones between the Ribble and Lune estuaries is of the 

order of 16 m.g.d. most of which is already committed by existing licences for 
continuous abstractions. Higher yields can be obtained if increased abstraction 
over shorter periods is suitably combined with abstraction from surface sources, 
but the effects of abstraction at high rates, particularly on stream flow, need 
to be determined. 

21. An intensive investigation is being carried out in the Fylde area to deter- 
mine methods of development of part of this resource combined with river 

abstractions. We have estimated a net gain of 15 m.g.d. by combined use of the 
ground-water resources in the area between Garstang and Broughton together with 
existing upland catchments and storage and suitable river abstractions. This 
quantity is incorporated in Schedule II for the rivers Lune, Wyre and Ribble. 
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Ground-water resources in the remainder of this aquifer could perhaps be 
developed in a similar way, possibly using the Lancaster Canal as a transmission 
link with other surface sources. 



Cumberland River .Authority 

22. A desk study of the hydrogeology of the Triassic sandstones of West 
Cumberland suggests that approximately 6 m.g.d. might be available from 

8 or more boreholes, without creating any serious problems with regard to the 
metalliferous mining being carried on in part of the area. Further investigations 
are needed. 

23. Preliminary assessments of ground-water resources in the Triassic strata 
in the Vale of Eden and in the Carlisle Basin indicate that 25 m.g.d. at 

least could be drawn from this aquifer, although the yields from individual wells 
may be less than 0.5 m.g.d. If this is not to be partly at the expense of flow 
in the River Eden, however, the scheme would have to be developed as an under- 
ground storage scheme for regulation of the river, in which case an even higher 
yield is probably attainable. There is only a limited local demand for these 
potential resources at present, and because of location, entailing high trans- 
mission costs to other areas, they do not have any significance in the regional 
conservation programmes. 
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APPENDIX VI: VALUATION OF RECREATIONAL BENEFITS 



1. In presenting regional conservation programmes we have been conscious of the 
lack of any ready means of evaluating the losses and gains to amenities, 
including recreational potential, which the schemes might imply. In this context 
it is in no way helpful to speak of any amenity as priceless because when one 
scheme is preferred to another, the process of choice involves some pricing even 
if this is unconscious. Equally any loss to amenity cannot be disregarded simply 
because it cannot be quantified in a calculation where the other factors can be 
priced. 



2. The difficulties involved have received some attention from investigators 

in this field, particularly in .America. One primitive method that has been 
used is to arrive at some indication of the recreational potential of a 
particular site by measuring the gross volume of business generated. But apart 
from the obvious practical difficulties of arriving at such an estimate, there 
are so many conceptual problems that the method hardly merits serious considera- 
tion. These include the problem of how to distinguish expenditure generated by 
the site and what is merely bought there that would otherwise have been bought 
at home, and identifying what is bought at home although directly generated by 
the site. Another serious shortcoming is the absence of comparability between 
the gross expenditure data and estimates of the gross outputs of other activities 
made possible by the same resources. Even if the gross expenditure by visitors 
were equal to the gross value of any water that might be supplied it would not 
follow that each was of equal economic significance. ‘Turnover’ in this sense 
is no indication of the respective real contributions to the nation’s resources. 



3. One refinement of this approach which would meet some of the basic 

objections would be to estimate the value added to the national income or 
product at the site. Such an approach would deduct the outgoings of those 
providing services at the site from the gross expenditure of visitors to the 
site, so that the recreational ‘value’ added in this way could be compared with 
the value added by alternative uses of the site. But while value-added 
estimates of this kind meet some of the objections levelled at gross expenditure 
data, ultimately they do not represent any more than the amounts spent on 
services connected with the facilities, rather than on the facilities themselves. 



4. To provide an answer to the question of what the recreational potential is 
‘worth’ in a price or market sense, Marion Clawson^ has suggested ways of 

estimating the demand for recreational opportunity. His method is to proceed in 
two stages, first establishing the demand for the ‘total recreation experience' 
then deriving from this the demand for the ‘recreation opportunity itself'. 

5. The first stage, the total recreation experience, can be estimated by 
determining the proportion of a total population which has taken advantage 

of particular facilities. From figures of the numbers of visitors to certain 
sites and what are termed ‘some rather heroic assumptions’ about some of the 
costs, a monetary value can be put on each visit related to the distance 
travelled. From this it is possible to establish a relationship between the 
cost per visit and the number of visits for a given number of the population. 



1. Methods nf Measuring the Demand for and Value of Outdoor Recreation, fReeources for the Future) to 
which paragraphs 3-7 are largely indebted. 
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6. The second stage, the demand for the recreation opportunity itself, uses 
these relationships to show what the effect of various increases in entrance 

fees for the use of the facilities would be, assuming that the attitudes of 
visitors from one neighbourhood will reflect the attitudes of visitors rom ot er 
neighbourhoods. From the data on estimated numbers of visits at each level of 
increased fees it is possible to establish within limits the relation between 
the number of visits and entrance fees, giving some means of measuring the 
willingness of visitors to pay measurable or definable sums of money for the use 
of a particular site. 

7. A fourth possibility might be to explore the notion of ‘consumer’s surplus' 
in the context of recreational facilities. Since some visitors would be 

willing to pay more for the privilege of their visit than they are usually asked 
to do, they enjoy a benefit which may be described as a surplus. In practice it 
is difficult to see how such a surplus could ever be assessed, since it is only 
to be expected that however high the entrance fee, some visitors would still 
enjoy a surplus, apart from the problems of deriving the data which would make an 
estimate possible. 

8 The foregoing survey of the various methods of evaluating recreational 

potential is brief but may be sufficient to indicate how very tentative are 
the known approaches to this problem, and how very controversial would be even 
the basic assumptions on which any value assessments might be founded. We have 
not attempted any such approach for two reasons. First, any of the proposals 
we have examined for conservation schemes would have involved a disproportionate 
amount of time and effort in preparing the necessary statistical foundation, 
particularly since none of the proposals has been taken to the state of detailed 
planning. An attempt to do so for all the sites considered would have been 
quite unmanageable in the time available. Secondly, our survey may serve to 
demonstrate that there is no approach that we could use with confidence in the 
expectation that it would be generally accepted. Had we attempted to evolve a 
variation on these methods, this might have produced an array of costs that would 
be quite misleading. 

9. Instead, as we have explained in Chapter 6, we have set out the costs of 
alternative proposals which include or exclude developments in areas where, 

by general consent, proposals for new development should be scrutinised with 
particular care, as for example the areas designated as National Parks or 'of 
Outstanding Natural Beauty’. With present techniques and in the time at our 
disposal we have concluded that this is the most realistic approach possible. 

10. The attraction of man-made lakes may be to a different section of the 
community and one which often plays little part in public debates on 

particular water proposals, but the fact remains that for many people a reservoir 
may create a new amenity, and in economic terms this is an increment to the 
national product in addition to that springing from its prime purpose. This is 
true whether the new reservoir is used as a source of quiet and passive 
recreation, a picnic site, an area for nature conservation and bird-watching or 
a place for pursuing active water sports. 

11 The following paragraphs provide some indication of existing recreational 
facilities and attempt to show the order of costs and therefore benefits 
likely to be involved when reservoirs are used for recreation. 

12. Existing recreational facilities are listed in Tables VI/E and are shown on 
Map 4 on a population density base. It will be noted that most of the 
present facilities are near to the centres of population. This is hardly 
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surprising since most of the existing reservoirs were developed as closely as 
possible to the centres of demand - see Chapter 2. In most cases the facilities 
which have been made available have been fully taken up. 

13. The reports from many sources published in recent years (notably the final 
report of the Council of the Institution of Water Engineers on the 

recreational use of waterworks, the survey by the Central Council for Physical 
Recreation on the use of inland waters in the West Midlands, and the regional 
surveys of recreational facilities which are now being prepared or have been 
published by the Regional Sports Councils) provide ample evidence of the persis- 
tent demand for angling and particularly sailing among other recreational 
facilities on reservoirs. 

14. Some indication of the growth in demand for sailing is provided by the 
growth in membership of sailing clubs. The membership of the Royal 

Yachting Association has grown from 722 in 1948 to 26,043 in 1968 and it has 
been estimated that the number of dinghy sailors has increased from about 1,000 
in 1948 to 33,000 in 1968. If this remarkable rate of growth is considered in 
relation to the number of water supply reservoirs which could be made available 
for sailing since 1948, even taking account of the greater use being made of all 
other inland waters such as gravel pits, lakes and rivers, it is evident that 
when all the existing reservoirs are fully used there will still be a consider- 
able demand which the new reservoirs might meet, 

15. In general the new reservoirs would be located at some distance from the 
present centres of existing facilities. It might be argued that their 

greater distance from the centres of population will lessen their ability to meet 
the demand but a population which has more leisure, more wealth, improved 
transport and generally a greater willingness to travel may provide an entirely 
new factor of demand. 

16. Whilst it seems clear that some recreational benefit would be derived from 
the new schemes, the problems referred to above make it difficult to 

estimate its extent. Before 1981 this is likely to be fairly small but a rough 
measurement would be the numbers of boats and sailors and of fishermen for each 
1,000 acres of water surface. For schemes after 1981 when the recreational 
potential could be considerable some quantification could be made for one or two 
of the programmes we have suggested to permit some comparison with the 
recreational potential of developments in estuaries. 

17. We have noted that much attention has been paid, particularly in the United 
States, to the problem of assessing the recreational benefits of particular 

sites, and its impact on the cost of water produced from them. The recreational 
value of facilities that people are accustomed to make some payment for, such as 
boating or angling, presents no great methodological problems, and evaluation, 
although it may be difficult in practice, is a question of market research. 

What is needed is an assessment of how many people are likely to use the 
reservoir and how much and what scale of charges the market will bear. For 
practical reasons we have been unable to conduct an investigation of this sort 
into the recreational potential of the new sites we have considered 

18. We have, however, examined the existing facilities at the Derwent 

(Co. Durham), Grafham Water, Pitsford. Fly Flats and Damflask reservoirs, 
and the details given in Tables A to D show, inter alia 
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(a) The catchment population (i.e. the population within 25 miles). 

(b) The area of the reservoir. 

(c) An estimate of the number of users or expected users for sailing 
and/or fishing. 

(d) The annual costs and income from sailing and fishing. 

(e) The annual expenditure by individuals on recreation. 

(f) The annual costs of water supply. 

19. These figures enable us to make only very broad inferences, for they are 
only rough indicators of the factors we need to isolate. For sailing 

none of the cost and income figures can be said to provide an indication of 
the benefit because in no sense has a market for the commodity of sailing 
facilities been established. The administrative and institutional framework 
of sailing on reservoirs inevitably distorts the relationship between the 
facilities enjoyed and the price paid for them. 

20. The costs shown at (d) themselves do no more than balance income against 

annual expenditure on the ancillaries to the recreation: boathouses, 

slipways, lavatories and so on; no economic price is paid for the facility of 
sailing itself. (Theoretically one might be derived using the method 
elaborated by Marion Clawson and mentioned in paragraph 8 above. Travel 
costs might serve as an indicator of price. But the relevant statistics are 
not available and it has not been possible to collect them.) 

21. The figures referred to at (e) and shown on Table A1 at column (5) are 
an estimate of the total expenditure by individuals on sailing. The 

estimates include club subscriptions, travelling costs and depreciation on 
sailing craft. Some 40% of the expenditure therefore relates to the cost of 
owning a boat and is not considered relevant to our purpose. But 60% of this 
figure, representing expenditure on sailing at the particular reservoir plus 
the balance of the annual expenditure incurred by the controlling undertaking, 
gives some indication of the amounts being expended annually on sailing. 

While this cannot be regarded in any sense as a measure of the benefit, it 
provides a crude pointer to its existence. It is about 13% of the annual 
costs of the reservoir. 

22. The figures for fishing (Tables B, B1 and D) are rather more revealing 
because a truer market for the recreational benefit has usually been 

established. The usual practice of the statutory water undertakings 
responsible is to balance income from licenses against the annual expenditure 
on maintenance (as indeed is true for sailing), but at Derwent, Daraflask and 
Grafham Water the annual income now exceeds maintenance expenditure and gives 
a useful indication of market value. On the assumption that this market value 
can be applied to the other reservoirs, it is possible to derive a fishery 
'benefit' ranging from - 0.25% to 5% of the total reservoir costs with a mean 
of about 2%. This figure is not of course comparable with the sailing 
‘benefit’ derived in paragraph 21. A fishery 'benefit' estimated on the same 
basis used there would range between 6% and 22% of the annual reservoir costs 
with a mean of some 10%. 
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23. In considering choices between alternative inland reservoir sites some 
measure of recreational benefit could be common to both sites and one of 

our basic assumptions is that all reservoirs can and should be used for multi- 
purpose activities, although sometimes the recreational activities will be quiet 
and passive rather than active. The variations in the recreational benefit 
would arise from the locality of the reservoir and its possible demand catchment. 
But the benefit as far as we have been able to assess it is already small in 
relation to the water conservation costs and the variations must be smaller 
still. Moreover these conservation costs are only about 20% of the total 
programme costs upon which a choice of strategy should be based. 

24. From this we have concluded with some confidence that the differential in 
recreational benefits of the sites considered would not be large enough to 

influence this choice. They may, however, have some significance when further 
comparisons come to be made with proposals for developments in estuaries. It 
may then be appropriate to make a more detailed appraisal of the combined 
recreational potential of the various inland schemes. 
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STATISTICS FOR CERTAIN RESERVOIRS 
WHICH PROVIDE RECREATIONAL FACILITIES 
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ESTIMATE OF TOTAL EXPENDITURE ON SAILING 
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STATISTICS FOR CERTAIN RESERVOIRS 
WHICH PROVIDE RECREATIONAL FACILITIES 
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liSTIMATE OK TOTAL EXPENDITTIHE ON FISHING 
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WATEH SUPPLY FINANCE 
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ESTIMATE OF COMBINED TOTAL EXPENDITURE ON RECREATION 
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PRESENT HECHEATIONAL USE OF RESERVOIRS 
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PRESENT RECREATIONAL USE OF RESERVOIRS 
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PRESENT RECREATIONAL USE OF RESERVOIRS 
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PRESENT RECREATIONAL USE OF RESERVOIRS 
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PRESENT RECREATIONAL USE OF RESERVOIRS 
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APPENDIX VII: USE OF CANALS 



The CaDal System 

1. In the southern half of the study area there is a network of canals, for the 
greater part constructed in the course of the industrial revolution. Apart 

from the Manchester Ship Canal, the Bridgewater and the Rochdale Canals, they are 
owned and managed by the British Waterways Board (referred to in this appendix as 
'The Board’), In addition, there are a number of river navigations for which the 
Board is the navigation authority. 

2. The Board's waterways within the study area include the Ripon, the 
Pocklington, the Huddersfield, the Lancaster, the Leeds & Liverpool, the 

St. Helens, the Manchester, Bolton & Bury, the Ashton, the Peak Forest and the 
Macclesfield Canals and the Ure, Aire & Calder, Calder & Hebble, Sheffield & 

South 'Yorkshire and Weaver Navigations in their entirety, together with parts of 
the Chesterfield, the Trent & Mersey and the Shropshire Union Canals. The total 
length of these canals is nearly 400 miles and of the river navigations is over 
130 miles. 



3. Over the years their contribution to industrial water supplies and to various 
forms of amenity has increased. Publications dealing with the amenity use 
of canals will be found in the bibliography; the amenity use of canal reservoirs 
is referred to in Appendix VI. 



4. The extent of the water supplied for industrial purposes is indicated by the 
licences for abstraction granted by the northern river authorities under the 
terms of the Water Resources Act, which in the case of abstractors from the 
independent waterways amount to 300,000 m.g.a. ,1 almost all of which is returned 
to the waterway. .Abstractions from river navigations for which the Board is the 
navigation authority total 266,000 m.g.a. and from the Board’s canals 23,000 
m.g. a. The major part of these abstractions is returned to the waterway: a 

study of the Board’s canals in the area of one river authority showed that the 
proportion was nearly 80^. 



5. Canals can depend for their water resources upon their own natural catchment, 
infiltration (especially in tunnels), feeders from streams and rivers, mine 
water, boreholes, purified effluent and reservoirs. The Board owns 27 reservoirs 
in the study area, including Todd Brook, the earliest high (50 ft. or more) dam 
to be constructed in this country. The total storage of these reservoirs is 
3,860 m.g. . including three balancing reservoirs, and their total catchment 
founts to just under 32,000 acres. Their reliable annual yield is about 
o , m. g. 



6. Tie natural catchment of canals is rather less determinate, particularly in 
built-up areas, but the magnitude of run-off can often be assessed 

the fluctuation in flow at different points on a 
canal relative to local rainfall. A detailed study of one of the Board’ s major 
canals showed that its direct natural catchment contributed 27% of its resources 



from the canals for industrial purposes is 

Fivers irAppeudi?n''°'"Fx t’° discussed in relation to Industrial 

1 in Appendix II. Existing resources are not at present fully utilised. 
Additional non-returned supplies could be made available to a limiLd extent 
dependent upon the resources of the particular section, and ther"Jrsc5rkr an 

1. Million gallons per anntmi . ^ ^ — 
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increase in returned supplies dependent upon net use and the quality of the 
returned effluent. In the latter respect the Board is taking active steps to 
eliminate pollution as set out in their Annual Report for 1967. Canals have a 
greater capacity to dissipate heat than natural streams of comparable flow and 
present supplies of water abstracted for direct cooling could be much increased 
within the limits of acceptable temperature rise. 

8. Apart from the supply of water from their own resources, there are instances 
of canals being used to convey water for statutory water undertakers. The 

extent to which water can be conveyed along a canal by the use of its natural 
gradient is governed by the length of its pounds (i.e. the distance between locks) 
and the freeboard available. 

9. In operating a canal in this way a number of engineering considerations 
arise, including the maintenance of the channel by dredging, the protection 

of the banks against erosion, the control of weed growth, the effect of ice 
formation, the disposal of storm water and provisions for dealing speedily with 
emergencies. 

10. In the context of the Working Party’s deliberations there are two canals in 
the study area which might be able to play a part in the conveyance of bulk 

water supplies, the Leeds & Liverpool Canal and the Lancaster Canal. 



The Leeds and Liverpool Canal 

11. The Leeds & Liverpool Canal from its most northerly point at Gargrave falls 
eastwards over a distance of 35 miles, and 323 feet vertically through 35 

locks, to join the River Aire at Leeds. The lengths of the pounds vary from a 
few yards up to 17 miles. If large quantities of water are to be conveyed from 
sources in the west to the West Riding of Yorkshire, there could be advantage in 
passing part of this, for local use, down to Leeds by way of the canal, which is 
less contaminated than the River Aire as it approaches the city. Typical 
analyses by the river authority have shown a B.O.D. of 1.5 p.p.m. in the canal 
at Leeds compared with a figure of 9.2 p.p.m. in the River Aire. Corresponding 
figures for ammoniacal nitrogen were 0.02 p.p.m. and 4.92 p.p.m. respectively. 

12. All the different types of water resource instanced in paragraph 5 contri- 
bute, in varying degrees, to meeting the demands upon the canal. These 

demands are principally for lockage arising from the use of the canal for 
pleasure cruising, for industrial water supply, and for seepage and evaporation 
losses. Where water is required to pass along the canal to meet these latter 
needs, in excess of lockage, it passes around the locks by means of byweirs. 

13. If additional quantities of water were to be conveyed they would pass over 
the existing byweirs, which would need to be lengthened. Above a conveyance 

of 15 m.g.d. interval pumping would have to be introduced in the longer pounds: 
this concept is explained in paragraph 16. The costs of conveyance of such 
larger quantities would be substantially less than those for the Lancaster Canal 
as set out in paragraph 26. 

Hie Lancaster Canal 

14. The Lancaster Canal, by reason of its location, invites examination for the 
conveyance of water in this way. It covers a length of 49 miles from 

Stainton (near Kendal) in the north to Preston in the south. From Stainton to 
Tewitfield Locks miles) the canal acts as a water channel to the south for 
supplies arising from the Board’s reservoir to Killington and from surface water 
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feeders. It continues from Tewitfield to Preston in one long pound for 41 miles, 
its water resources being further augmented by feeders. From this point a 2 % 
mile branch leads doivu to the Glasson Basin from which access can be gained to 
the River Lune. 

15. Attention has been given principally- to the conveyance of water in a 
southerly direction along the main pound. About 400 pleasure craft are 

licensed on the canal at the present time, and its present depth and cross- 
section is somewhat less than was needed at the time of commercial navigation. 

The canal is clay-lined over much of its length, so that the original cross- 
section could not be exceeded, but dredging should enable it to convey, in 
addition to the canal’s own operational requirements, about 8 m.g.d. within a 
gradient based upon a 12-inch reduction of water level at the downstream end. 

16. Flows larger than this could be conveyed along the pound by the construction 
of intermediate stop-locks and associated pumping stations at intervals 

along its length. These pumping stations would lift the water 12 inches at each 
stop-lock, so steepening the gradient and increasing the flow. The frequency 
of installation of pumping stations along the pound to provide for different 
rates of flow is shown on the accompanying graph (fig- VII''l). 

17. To predict the gradients corresponding to particular rates of flow it was 
essential to know the coefficient of roughness of the canal as accurately 

as possible and arrangements were made to determine this. It was not possible 
for a number of reasons to pass flows along the Lancaster Canal of the magnitude 
required for the necessary measurements of gradient. Observations were therefore 
made on the Leeds & Liverpool Canal, using its summit level as a reservoir. 

A flow of 50 m.g.d. was passed along a 7-mile length of the canal and as a check 
a flow of 26 m.g.d. along a 24-raile length of the canal. Flow measurements were 
taken at calibrated lock-paddles, supplemented by rod float runs in bridgeholes. 
As a result of this work, a value of 40 m^/^ was derived for the Chezy 
coefficient. 1 

18. Provision for interval pumping at the larger flows, referred to above, has 
been made in the cost estimates which follow. Pumping stations would house 

two electrically powered pumps, together with a standby diesel generator. It 
IS envisaged that the pumping stations would be connected by landline to a 
central control room which would be manned day and night. Costs have been 
developed on the basis that a selected conveyance scheme would be worked at full 
capacity; a scheme which was not operating at near-maximum capacity would 
involve correspondingly higher unit costs. A system could, however, be built up 
economically in stages from an initial station halfway along the pound; then two 
stations at the quarter points; then four stations at the eighth points, and so 
on. The levels and arrangement of existing storm weirs. might need to be modified 
or supplemented, but this would have to be studied in the context of a specific 
scheme. 

19. Provision has also been made in the cost estimates for maintenance dredging 
at more frequent intervals than is normally necessary and for bank 

strengthening work to reduce the risk of breaches still further. The control of 



I the farniula v ® 
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i = hydraulic gradient 
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seasonal weed growth is essential in order to permit the use of the full cross- 
sectional area of the canal and allowance has been made for this as well. 

20. tvlention has already been made of the use of the canal by pleasure craft; 
the adoption of channel velocities which might appreciably affect the 

movement of craft would require an alteration of the law as at present existing- 
Provided that the velocity of flow in the open canal does not exceed 1 foot per 
second, it is thought that their movement should not be seriously hindered. 

This velocity corresponds to a conveyance of approximately 60 m.g.d. 

21. It is perhaps appropriate to comment on the canal’s resources for water 
supply and on their quality. The Lancaster Canal is fed by the Board’s 

Killington Reservoir and by four feeders. The reliable yield of the reservoir 
is about 4 m.g.d. and when supplemented by the canal feeders and natural run-off 
direct to the canal from adjoining land provides a useful source for certain 
industrial water supplies. As with all canal reservoirs, the demand upon it for 
traffic purposes is relatively small during the winter months, and at its 
maximum in a dry spell when the yield from feeders is reduced. Losses by 
seepage and evaporation on the Lancaster Canal at about an inch per day on the 
water surface or 6 m.g.d. are typical of most artificial canals. Such losses 
are largely made up by run-off from the canal’s natural catchment. There is no 
reason to suppose that conveyance of water in the manner proposed would affect 
the existing losses or that these would prove a source of difficulty. 

22. The quality of the canal water is fairly good and at the point where it 
crosses over the River Lune is broadly similar to the river water. A 

typical analysis shows a chloride content of 20 p.p.m. compared with 15 p.p.m. 
in the river. The corresponding figures for total hardness are 153 p.p.m. and 
86 p.p.m. These characteristics would, of course, change towards those of the 
greater quantities of water imported into the canal from outside sources. 

23. Water is required solely for lockage only in the Glasson Branch and the 
amount is small enough at the present time to be ignored. If it were to 

increase to significant proportions, the recovery of lockage water could be 
achieved by back-pumping to the head of the locks. There are a number of 
industrial water abstractions from the main canal of which the principal one is 
a non-returned supply of up to 3 m.g.d. with provision for a greater quantity in 
certain circumstances. 

24. In canal work the possibility of a breached bank has to be considered and 
an emergency of this kind is met by holding a supply of large diameter 

pipes at a central point to enable the breach to be by-passed until restoration 
work is complete. To ensure continuity of supply it may be desirable to provide 
additional raw water storage at the point of abstraction. It is estimated that 
one day’s storage could add 0.005d/1000 gal. /mile to conveyance costs. 

25. The position which would result from a period of severe icing such as 
occurred in the winter of 1963 has also been assessed, based upon experience 

gained in that year on the Llangollen Canal. This canal has been used for a 
number of years for the conveyance of water from the River Dee near Llangollen 
over a length of 46 miles to Mid-Cheshire. Although 12 inches of ice formed on 
the canal in that year, there was no substantial reduction in the rate of supply 
to the Water Board as a result. The frequency of recurrence of a winter as 
severe as this is low but an assessment has been made of the effect of ice 
formation on a conveyance scheme. The effect is to convert the canal to a closed 
conduit having differing roughness characteristics, and it is estimated that the 
flow might be reduced by about 30% under these conditions. 
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26. The Board’s charges for conveying water would, of course, depend upon the 

circumstances of each case, but it estimated that the net costs would be of 
the following order. The estimates are based on mileage measured along the 
canal, because on any other basis assumptions would have been necessary as to the 
geographical length over which conveyance was to take place compared with a 
pipeline alternative. 

Quantity conveyed in excess Cost p_er 1,000 galls, 

of canal requirements per canal mile 



20 m.g.d. 
50 m. g. d. 
75 m.g.d. 



0. 04 pence 
0.07 pence 
0. 12 pence 



27. Although the cost figures have been related to the length below Tewitfield 
Locks, the special problems which would arise in the length above 
Tewitfield have also been examined. It is thought, however, that these special 
features would not add materially to the conveyance costs per mile of canal if 
the scheme were to be extended to include the full length of the canal. 



Future Uses 

28. From possible sources north of the River Lune at Lancaster to the termination 
of the Lancaster Canal near Preston Canal mileage is approximately 1.3 times 

the direct pipeline mileage. Transmission costs comparable with the costs of 
delivery by pipeline would thus be approximately 0.06 pence/1000 gals. /mile at 
20 m.g.d. to 0.16 pence/1000 gals. /mile at 75 m.g.d. At the higher flow rate the 
estimated costs of transmission by canal or pipeline are approximately the same. 

29. Thus when considering bulk transport of large quantities of water in the 
regional transmission networks envisaged in the programmes described in 

Chapter 7 use of the Lancaster Canal would not show any significant savings in 
the total costs based upon pipeline networks. Some local savings may be possible 
in elements of the regional schemes serving the Fylde and Preston areas. The 
most likely use of the Lancaster Canal would seem to be as part of an integrated 
supply system combining river abstractions with controlled development of 
underground storage in the Fylde and Preston areas referred to in Appendix V. 

30. In the case of the Leeds/Liverpool Canal an alternative natural transmission 
link exists in the River Wharfe which has been used for all east to west 

transfers in our programmes of development. Any savings in the use of the canal 
would be largely of local significance in shortening the final transmission 
distance between the ultimate abstraction point and some individual service 
reservoir locations in the West Riding. 
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CONVEYANCE OF WATER BY CANAL 

LANCASTER CANAL 41 MILE MAIN POUND DREDGED TO ORIGINAL CROSS SECTIONAL AREA 



Diog.2H/l 
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Miles of Canal between Pumping Stations 
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appendix VIII; UNIT COSTS 

1 Chapter I describes how all the poteptial resources have been assembled in 

^e summary schedules in Appendix IX with an estimated unit cost in pence per 
thousand gallons of water treated and delivered into terminal storage at various 
notional demand centres within the command area of each source^ The pro iminary 
unit costs calculated for this purpose are given in Table VIII/2 and the loan 
periods and interest rates assumed for the purpose of the calculations in Table 
VIII/1. On the basis of this crude data computer selections of resources were 
made, with and without constraints, to narrow the field of choice to a smaller 
number of alternatives upon which the detailed programmes of development were 
based. 

2. In costing these development programmes with actual capital and annual 

maintenance expenditure more refined costing was required which would take 
into account variations in cost with size. During 1966-67 the Water Research 
Association (W.R.A.) carried out a survey and analysis of water supply costs on 
behalf of the Water Resources Board in connection with a study of the comparative 
costs of desalination (W.R.A. T.P.60 1967). From a study of these analyses _ 
together with other recent costs and estimates we derived the costing rates given 
in Table VIII.'S and the cost graphs shown in Diagrams VIII/1-9 as follows: - 



3. Earth Dams 

Diagram VUI. 1 shows the embankment quantity/ cost relationship established in 
the W.R..A. analysis and for comparison the 30/- per cubic yard unit cost adopted 
in Table VUI 2 together with some individual costs and recent consulting 
engineers’ estimates for specific projects. In the W.R.A. analysis the costs 
used were the total construction costs including immediate ancillary works but 
excluding land, diversion works, engineering and interest during construction. 
Adding 12'’" to the W.R.A. curve to cover engineering and interest during 
construction gave curve C which we have adopted for final costing, land and 
diversion works being added at the rates given in Table VIII/2. Curve C is 
reproduced in Diagram VIII, '2 together with a derived graph of unit cost v.s. volume 
of fill which varies from £2 per c.y. at 1/2 million c.y. of fill to 23/- per 
c.y. at 10 million c.y. of fill. For major projects staged constructions costs 
have been calculated based on these unit rates but including all sub-surface works 
for the final development in the Stage I costs. 

4. Concrete Dams 

A similar cost, 'quantity curve has been derived from the W.R.A. analysis for 
concrete gravity dams and is shown in Diagram VIII/3 and this has been applied in 
the few instances when a concrete section has been the obvious selection. 



5. Pumping Stations 

In their analyses of over 30 pumping stations the W.R.A. were unable to 
establish a good relationship between the total cost of pumping stations and any 
related feature such as total installed H.P. or throughput and concluded that much 
of the dispersion of data was attributable to the highly variable costs of the pump- 
house structures. .A reasonable relationship was however, established between the 
costs of pumps, drives and ancillary electrical equipment and total installed 
horse-power. This would seem to confirm the validity of the approach adopted in 
our unit costs (Table VIII-2) of assessing the costs of pumping machinery and 
associated equipment separately from the cost of buildings. 
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6. Pumping Machinery 

In Diagram VIII/4 the W.R.A. relationship between cost and installed horse- 
power has been expressed as a cost per water horse-power of normal duty assuming 
50% standby pumping capacity and 70% overall efficiency. To this is added the 
estimated cost of screening plant, pipework, valves, etc. within the pump-house 
at rates varying with capacity from £24 per W.H.P. at 1,000 to £10 per W.H.P. at 
4,000 W.H.P. Standby diesel alternators have been included at rates varying 
from £45 per KVA at 450 KVA to £35 per KVA at 6,000 KVA. 20% is then added for 
engineering, contingencies and interest to give a curve of final cost of machinery 
installed as in Diagram VIII/4. The curve indicates that the capital cost 
adopted in Table VIII/2 is adequate for stations with working capacity in excess 
of 3,000 W.H.P. but for smaller stations higher rates of cost per W.H.P. will 
probably be incurred. For final costing, rates per water horse-power have been 
taken from Diagram VIII/4. 

7. Pumping Station Building 

Data from the water supply cost study revealed little more than a high 
degree of variability in the costs of pumping stations in relation to load or 
duty. Final design is obviously dictated by considerations other than engineer- 
ing requirements. 

The following representative rates have been used in final costings; - 

from £3,000 per m.g.d. up to 10 m.g.d. working capacity 
to £2,000 per m.g.d. at 60 m.g.d. working capacity and above. 

8. Pipelines 

The unit cost in Table VIII/2 was derived from costing rates of 20/* per 
inch of diameter per linear yard at 24" diameter to 30/- per inch of diameter 
per linear yard at 96" diameter illustrated as total costs per mile by curve A 
of Diagram VIII/6. For comparison with this curve the diagram also includes 
curves based on data obtained from the W.R.A. analysis, Binnie’s Great Ouse 
report 1965 and an analysis by the C.E.G.B. in 1965. 

9. The indications from this supplementary data are that the rate of 20/- to 
30/- per inch per yard is slightly high for all diameters. Most weight 

should obviously be attached to the W.R.A. analysis of actual costs of some 150 
pipelines with data well distributed between pipe diameters of 8 to 48 inches. 
However, this analysis included only a limited number of cases extending up to 
60 inch diameter, and the validity of extrapolating the data beyond 48" pipelines 
may be questioned. Additionally, for high heads and diameters over 48 inches 
pipelines would almost certainly be of steel and the relationship established in 
the W.R.A. analysis was based on data for all types of material. Thus the true 
cost relationship for steel pipelines may have been obscured by the weight of all 
the additional data in the smaller sizes. Analysis of the costs of steel 
pipelines only from the W.R.A. survey showed a fairly wide dispersion of data but 
a general trend towards increasing costs from 36" dia, upwards, the curve 
diverging from curve B to curve A over the range 36" 'x 72" dia. 

10. For final costing we have therefore adopted curve E on fig. 6 and the 
corresponding rates in Table VIII/4. When determining pipeline sizes for 

particular schemes we have in general determined the optimum capacities and 
duplication points from consideration of economic pumping velocities. 
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The resultant capacities, replication points and mean 

partial load factors are given in Table VIII/4. Diagram VIII/7 shows the 
optimum capacities and corresponding head losses together with an equivalent 
unit transport cost which includes pipeline and pumping c arges. 



11. Treatment Works 

The W.R.A. analysed the costs of 22 recent 2-stage treatment plants and 
established a relationship between total capital cost and capacity. Modified 
to allow for interest during construction this relationship is shown in 
Diagram VIII/8. In preparing programmes of development assumptions^ about the 
capacity of treatment works for particular supplies to specific destinations 
must be arbitrary until schemes are finally designed in detail. Appendix IV 
suggests that the cost of the basic treatment plant would be similar for aii 
river regulated sources. Thus the choice between alternative sources should not 
be affected by the cost of this plant and our programmes of development should 
not reflect differences due to arbitrary decisions on plant capacity. For these 
reasons we have assumed that for any pattern of demand treatment plant will be 
installed in equal increments over the period of development at an average cost 
of £50,000 per m.g.d. 

12. In arriving at their unit treatment costs the water quality sub-committee 

concluded that in purpose-designed plant softening could be carried out in 

the sedimentation tanks and that for such plants capital cost would be about 
£55,000 per m.g.d. The percentage of total cost attributable to the softening 
process was not specifically stated. This could amount to £5,000 per m.g.d. 

The data in the W'.R.A. analysis included five plants where softening was part of 
the process, and in all these cases the total capital cost lay within the upper 
range of 80^ confidence limits of the statistical mean relationship. Thus an 
addition to the estimating rates would appear to be justified if softening is to 
be undertaken and we have added £5,000 per m.g.d. to the total capital cost in 
these cases. 



13. Serrice Reservoirs 

Diagram VIII/Q shows the relationship established by W.R.A. modified only 
to take account of interest during construction. A large quantity of data was 
analysed and the relationship was subject to only slight dispersion of the data 
and may be accepted as a reliable estimator of the costs of conventional covered 
service reservoirs with a division wall. The provision of terminal storage is 

directly related to the pattern of demands and is independent of the location 
or choice of sources. In comparing alternative programmes of development for 
any given pattern of demands we have therefore provided for terminal storage in 
annual increments, following the demand curve, at a representative price of 
£35,000 per m.g. 

14. Estuarial Schemes 

In these cases the capital costs assumed have been taken from the Consulting 
Engineers' reports on the desk studies as follows; - 



Solway : 


Stage 


I 


Yield 


380 


m.g.d. 


Capital Cost 


£6m. 


Morecambe; 


Stage 


I 




250 




" " 


£16 . 7m 




" 


II 




200 




-T t1 


£14. 7m 


Dee: 


Stage 


I 




50 




" " 


£8. 3ra. 




" 


II 




50 




It .1 


£3. 6m. 




" 


III 




100 




rt ir 


£7 . 6m. 




" 


IV 




100 




.. t. 


£9. 3m. 
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15. MainteDance Expenditure 

The amount of data available from the W.R.A. survey on maintenance and 
operating costs of pumping stations or treatment works was very limited in com- 
parison with the data on capital costs - too limited to establish meaningful 
relationships. As power costs are the largest single variable element in 
maintenance charges the data from the W.R.A. survey has been replotted in 
Diagram VIII/5 in terms of pence per 1,000 gals, per 100 ft. lift against W.H.P. 
(assuming overall efficiency 70*^) for comparison with the unit cost of 0.8d 
per 1,000 gals, adopted for the preliminary analysis. The limited data 
indicates an average power cost of 0.65d for all pumping stations of capacities 
in excess of 150 W.II.P. and would seem to confirm the adoption of a figure of 
0.8d including maintenance of machinery and any capital contribution to power 
supply as a reasonable estimating figure for normal pumping duties. The W.R.A. 
analysis of costs of maintenance and operation of treatment works was considered 
by the water quality sub-committee in arriving at their estimates of unit 
treatment costs which we have adopted for final costing. 



16. Programme Costs 

It must be emphasised that the detailed analyses used to derive the final 
costing rates in Table VIII/3 should not be taken to imply great accuracy in the 
overall programme costs quoted in Chapter 7. Little is yet known of the sources 
suggested as possible developments and the exact location and capacity of pumping 
stations, pipelines, treatment works and service reservoirs cannot be determined 
until schemes are investigated and designed in detail. In the absence of this 
detailed knowledge general assumptions have been made, more or less common to all 
programmes, which have been aimed at producing representative costs wnich will 
truly reflect the differences between alternative programmes. Within these 
assumptions costing rates have been based upon the most recent data available for 
comparable works taking into account scale of operation where this can be 
determined. 



TABLE VIIl/1 
LOAN REPAYMENTS 



Description 


Lo an 

Rep ayment 
Period 
Years 


Annual 
charges at 
6^ interest 


Impounding Reservoirs - earth dams 


60 


6.7% 


concrete dams 


60 


6.7% 


Concrete structures 


40 


7.1% 


Buildings 


30 


7.7% 


Pipelines 36" and over 


40 


7.1% 


Pipelines under 36" 


30 


7.7% 


Treatment plant 


30 


7.7% 


Pumping machinery 


15 


10.4% 


Reservoirs - reinforced concrete (other 
than large impounding) 


40 


7.1% 
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TABLE VIII/2 

UNIT COSTS USED IN PRELIMINARY ANALYSIS 



T 

E 

M 


Description 


Cost Elements 


Un i t Cost ^ 
pence/ 1000 gale. 


[ tern 


Capital Cost 


1 


Reservoirs 


(a) Earth dams inc. ancillary 
structures 

(o) Ccncrets gravity dams inc. 
ancillary structures 

(c) land, afforestation, road 
and rail diversions - 
individual assessment 


30/- per c.y. of fill 

£8 per c.y. 

Scheduled rates as 
Table Vlll/3 


j Conservation 
) Cost calculated 
< on total annual 
j charges and 
) estimated net 
j y iel d to supply 


2 


River intake 
works 


Weir, intake, coarse screens 
etc. 


£750 per m.g.d. 


0.0k 


3 


High lift 
pumping 


(a) Pumping plant including 
pipework, valves, screens 
i meters, 505 standby 
pumping capacity and 
standby diesel alternators 

(b) Pump-house 

(c) Power - including any 
capital contribution to 
power supply, and 
maintenance of machinery 


£110 per W.H.P. 
£2,000 per m.g.d. 
1.5d. per k.w.h. 


' 1.0 per 100 ft 




Pipe! ines 


Bulk transport based on 72" 
mains carrying 80 m.g.d. 


£175,000 per mile 


0. 10/mi le 




Treatment 

fa) Single Stage 

(b) Two Stage - 
Direct Supply 

(c) Two Stage - 
regulated 
river supplies 

(d) Softening 
extra 


i 

1 See Append ! x IV 


2.5 

k.5 

5.0 

0. 3-1.0 


6 


Terminal storage 


Covered reinforced concrete 
reservoir for 2k hours supply at 
the notional destination 


£25.000 per m.g. 


1.2 


7 


Administration 


Maintenance charges on Items 1, 
2, k i 6 and general 
administration 


- 


2.0 



Note I: All costa include the costs of investigations, Jand, iegai, engineering, 

contingencies and interest during construction. 
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TABLE VIII/3 



COSTING RATES USED IN DETAILED COSTING OF PROGRAMMES 
OF DEVELOPMENT 

(including engineering, contingencies and interest 
during construction) 



Item 




Description 


Unit 


Rate 




CAPITAL COSTS 






1. 


Earth dams 


c.y. 


Vari abl e as Diagram VII i/2 


2. 


Concrete dams 


c.y. 


Variable as Diagram VI 11/3 


3. 


River Intakes 


m.g.d. 


£750 


4. 


Pump-houses 








from;- up to 4 including 10 m.g.d. capacity 


m.g.d. 


£3.000 




to:- 60 m.g.d. capacity 4 above 


m.g.d. 


£2,000 


5. 


Pumps and associated equipment 








including 50% standby pumping capacity and 


W.H.P. 


variable as Diagram VII 1/4 




standby diesel alternators 






6. 


Pi pel ines (see Table VI 1 l/n and Di agram VI 1 1 /6) 








18" 


mile 


£24. 000 




36" 


mile 


£60.000 




72" 


mile 


£168,000 


7. 


Treatment works (Diagram Vlll/e) 








Single Stage 


m.g.d. 


£35,000 




Two Stage 


m.g.d. 


£50,000 




Softening plant - extra 


m.g.d. 


£5,000 


S. 


Service Reservoirs (Diagram Vlll/9) 


m.g. 


£35,000 




MISCEilANEOUS 






9. 


Minor road diversions 


lin. y. 


£23 


10. 


Trunk B road diversions 


lin. y. 


£46 


11. 


Trunk A road diversions 


lin. y. 


£92 


12. 


Land purchase 


acre 


£50-£250 


13. 


Compensation for standing timber 


acre 


£50 


in. 


Rail diversions single track 


lin. y . 


£28 




MAIfJTFNANCF CHARGES 








Power for high lift pumping (inc. maintenance of 


K.W.H. 


1.5d 




machinery) 








Power, labour and chemicals for single stage 


1000 g. 


Id. 




treatment 








Power, labour and chemicals for two stage 


1000 g. 


2d. 




treatment 






18 


Lime or Lime and Soda softening extra as App. IV 


1000 g. 


0.3-l.Od. 


19 


Administration 


1000 g. 


2d. 
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PIPELINES 
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H 
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Diag. mu / 2 



Cost per cu. yd.- Pounds 
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I 

£T 



Volume of Fill “ Millions of cu. 

i, investigations, legal charges, ettgineering, contingency 



Cost - Pounds per cu. yard Cost - Thousands of Pounds 



COST OF CONCRETE DAMS 



Diag.SHr/S 




Volume of dam - thousands of cu. yds. 
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Cost per w.h.p. in Pounds 



Diag.2Dl/< 

COST OF PUMPING PLANT AND ANCILLARIES 
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PUMPmG STATION ELECTRICITY COSTS 



Diag.'Sm / 5 
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CAPACITY OF STATION - M.G. D 

(assuming average lift-400ft; overall efficiency 70%) 



Diag. Vinc is 



TOTAL COST OF PIPELINES 




A N.T.ft.P assumption December 10 b 6. 20'- per inch dia. per yard 8 24 inch dia, to 30/- per inch dia. 

per yard ? “o inch dia. 

B IT R. A. T. P.60. Cost (£ yd, 1 = 0.348T (dia. inches)^-^^^ (1967 values). 

C C E.G.B. Planning CP .'34. .August 1965. Average cost o f pipelines. 

D Binnie’s Great Ouse report. 

E .N.T.ft.P. final cost curve. May 1968. 
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TRANSPORT OF WATER IN PIPELINES 



Diag.SXQ / 7 
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Diameter of Pipe - inches 



Cost per M.G.D. “Thousands of Pounds Capital Cost - Thousands of Pounds 



Diog.2m/8 COST OF 

TREATMENT PLANT INCLUDING SEDIMENTATION 





Capacity - M.G.D. 
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Cost per Wl.G. of capacity Capital Cost -Thousands of Pounds 



COST OF SERVICE RESERVOIRS 




Capacity — M.G.D. 
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APPENDIX IX: 



YIELD ASSESSMENT AND SCHEDULES OF RESOURCES 

1. In a regulated system water from storage is used to supplement natural river 
flows in a dry period so that continuous abstractions to supply can be 

maintained without depleting the residual flow in the river downstream of the 
abstraction point below acceptable limits. 

2. Within this broad definition regulation systems may be designed to provide, 
during the regulation period: 

either (i) a constant maintained flow reaching the abstraction point 
with constant abstraction and residual flow; 

or (ii) a maintained minimum residual flow and a higher prescribed 
flow below which the natural flow in the river may not be 
diminished by abstractions to supply; 

or (iii) a maintained minimum residual flow and a higher prescribed 

flow or flows between which variable abstractions are permitted 
as a proportion of the naturally occurring flow. 

3. For a given yield the maximum demands made upon the storage, by these 
methods of operation or any permutation of them, depend upon the pattern 

of dry weather flows occurring in the river during a drought period and upon 
the abstraction conditions imposed by the river authority. The latter are 
likely to be determined by the extent of previous developments and the residual 
flow requirements below the abstraction point, which in turn will depend on the 
minimum acceptable flow (m.a.f. ) determined at this point or elsewhere on the 
river. 

4. For most of the rivers which are considered in this study as potential 
sources of supply flow data is scanty and abstraction conditions have yet 

to be determined. Nevertheless if regional programmes of development are to be 
selected on a rational basis an essential requirement is an objective assessment 
of the comparative effectiveness of all potential storages when used to regulate 
river flows. At the same time the assumptions about abstraction conditions 
should be fairly realistic. 

5. As indicated in paragraph 3 the reliable yield of any regulation scheme 
depends upon:- 

(a) Hydrological probability; 

(b) Imposed abstraction conditions. 

Although these two factors are not wholly independent, in that changes in 
operating regimes alter the relevance of certain probabilities, they have been 
considered separately in arriving at yield assessments. 

6. With the limited records available the prediction of probable flow 
sequences in a design drought period involves the selection or processing 

of data to produce hydrographs, either real or synthetic, for a similar severity 
of natural conditions. These conditions have been taken to be the sequence of 
minimum river flows likely to occur, on average, only once in every hundred 
years. On this basis individual river authorities prepared drought hydrographs 
for natural conditions in the selected rivers. 

7. Since we are primarily concerned with the impact of storage on river flows, 
the relationship chosen to compare both the severity of design assumptions 

and the natural characteristics of the river basins was the maintainable flow 
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storage curve. This shows the river flow that can be maintained or exceeded at 
the point of abstraction, throughout the design drought, for given releases 
from storage to augment low river flows. 

8. By deducting minimum natural flows to give all curves a common origin, and 
expressing the increase in maintainable flow and releases from storage in 

dimensionless terms as percentages of average daily flow (A.D.F.) or average 
annual flow (A.A.F.) the curves for all the individual rivers could easily be 
compared. These are shown in Diagram IX/1. 

9. For these northern rivers it was found that all curves have a similar 
characteristic shape and fall reasonably close together. Detailed examin- 
ation of those which departed furthest above or below the mean suggested that the 
departures were as likely to be attributable to variations in assumptions made 
when preparing the drought hydrographs as to any differences between the natural 
characteristics of the river basins. If design severity had been precisely the 
same in all cases it is considered that all curves might have fallen within a 
fairly narrow band. 

10. In' view of the inadequacy of much of the data upon which the generation of 
the design hydrographs had been based, it was concluded that fewer errors 

were likely to be introduced in the evaluation of potential storages by the use 
of a single maintainable flow/storage curve, than by the use of separate curves 
whose individuality was suspect. This standard maintainable flow curve is shown 
as curve B on Diagram IX/2. 

11. The proportion of the increase in maintainable flow which may be abstracted 
as yield to supply is dependent upon the residual flow requirements, as 

discussed in paragraph 2, and hence upon the licence conditions which may 
eventually be imposed. Because no such determination has yet been made, nor the 
relevant licences issued, these proportions are a matter of conjecture. 

12. For the rivers concerned tentative assessments were made of the possible 
requirements for fish, amenities and other interests in an endeavour to 

derive yield curves from the standard maintainable flow curve. Apart from a 
general consensus of opinion that in most cases a higher proportion of the 
increase in maintainable flow should be reserved for river benefit at early 
stages of development, the resulting yield assessments reflected the diversity 
of the opinions upon which they were based. 

13. If all rivers had similar residual flow requirements it would be logical, 
following paragraph 9, to define a single yield curve with diminishing 

proportions of the increase in maintainable flow assigned to river benefit as 
curve D of Diagram IX/2. However, the requirements of individual rivers will 
vary, especially in early stages of regulation, casting doubt upon the validity 
of the early part of the curve if applied as a common basis of assessment for 
all rivers. 

14. Curve D is a net yield curve, providing diminishing yields for equal 
increments of storage, and implying that there are no existing developments 

on the river, which again is not true. Some rivers have existing abstractions 
adequately supported by storage; others have existing licensed abstractions 
which may be partially or completely unsupported. In the latter case it may 
be considered necessary, at some time, to provide storage to make good past 
inroads on the dry weather flow of the river. Providing for these existing 
conditions and their effects on a yield curve would necessitate a shift in the 
origin or base line, or both, which in turn would imply commitment to an opinion 
on all previous abstractions and the storage necessary to support them. 
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15. Alternatively, if we can assume that a river will ultimately be developed 
to point A on diagram IX/2 then a straight line from the origin to point A 
represents the average yield of all the individual schemes mAing up the ultimate 
development. This straight line may then be considered as the yield curve for 
the individual schemes as parts of a sequence of development. 



16. The advantages of adopting a straight line are that the increments^of yield 
being equal for equal increments of storage past depredations can be 

corrected, if necessary, at any point without affecting the yields of preceding 
or subsequent schemes and yields of individual schemes are not affected by their 
place in the sequence of development. The disadvantages are, firstly, that the 
yields of early schemes may be underestimated and of later schemes overestimated, 
leading to a shortening of the time scale of investment for the total development 
and, secondly, that theoretically the line should not be extrapolated beyond 
point A. 

17. From the estimates of future deficiencies summarised in Chapter 5 of the 
Report, this study is concerned with providing additional reliable resources 

of the order of 1000 m.g.d. over a period of about 30 years, and it is apparent 
that substantial development of the northern rivers would be necessary if these 
demands were to be met from rivers regulated by inland storage. 



18. For example, if the rivers Lune, Ribble, Dee, Ouse, Derwent and Tyne with 
a combined A.D.F. of 4500 m.g.d. were developed to meet these demands, 
effective releases of about 11% of A.A.F. would be required to produce a yield of 
23% of A.D.F., equal approximately to 1000 m.g.d. If all northern rivers with a 
combined A.D.F. of 7500 m.g.d. were developed equally effective releases of about 
7% of A.A.F. would be required. 



19. In paragraph 56 of Chapter 4 it was suggested that the present economic 
limit of development of any one of these rivers might be equivalent to 

effective releases of 16% of A.A.F. Over the range 7% - 16% of A.A.F. the 
straight line through point A corresponds quite closely to the suggested yield 
curve D. Thus if ultimate development falls within this range overall errors in 
yield estimation will be small. 

20. For all the foregoing reasons a straight line from the origin through 
point A terminating at an effective storage of 16% A.A.F. commended itself 

as the most reasonable basis for assessment of representative yields of regulat- 
iag schemes on the northern rivers. This linear relationship apparently con- 
tradicts the rule of diminishing returns which normally applies to yield storage 
relationships. It is emphasised that it is essentially a planning device to 
simplify comparison between alternative schemes and to provide reasonably 
realistic assessments of the overall yield of a sequence of developments 
considered as part of a long-term programme. 



21. When abstraction conditions are considered for the first regulating scheme 
on a river system some enhanced early yields may be possible by taking 
advantage of the proportionately higher increases in flows provided by the first 
increments of storage. If this should prove to be the case the net result would 
be the deferment of some subsequent stages of the programme of developments 
considered in Chapter 7. To this extent our costing of river regulation 
developments may be slightly pessimistic. It is considered, however, that the 
linear yield assessment is less likely to lead to errors of selection than 
attempts to make evaluations of enhanced early yields based upon assumptions 
about abstraction conditions which cannot be justified by present knowledge. 
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22. In the case of rivers on which tidal barriers might be constructed at or 
below the tidal limit different conditions will apply. We are there 

concerned with the effects of low flows only within the relatively short tidal 
reaches, rather than over substantial lengths of inland rivers. In appropriate 
cases lower residual flows should be acceptable, abstraction conditions should 
be less stringent and greater proportions of the maintainable flow should be 
available as yield to supply. A tidal barrier yield curve (E Figure IX/4) has 
been derived from the standard maintainable flow curve on the assumption that 
the minimum discharge through the tidal barrier is the minimum dry weather flow 
of the river, and that this should be augmented by an amount rising to 2% of 
A.D.F. at the limit of development. 

23. All maintainable flow and yield curves have been plotted against the 
effective first-season releases from regulating storage, called the 

‘effective release'. Hiis is the maximum quantity which it is calculated could 
be released from storage during a dry summer and which would be effective in 
maintaining river flow at the abstraction point. Part of the water released 
would not be effective for this purpose owing to regulation losses - i.e. losses 
en route and waste resulting from the inability to match releases to subsequent 
flow conditions at the abstraction point. Moreover, depending on the ease with 
which the storage can be refilled, either naturally or by pumping, part of the 
stored water may have to be held over against the needs of a second or even a 
third dry summer. These factors are determined by the size and location of the 
storage in relation to the river system. 

24. For each potential storage site the refilling cycle has been examined over 
a three year dry period. The calculations define the maximum first season 

effective release that the' storage and catchment can sustain, as well as making 
subsequent releases in the second and third years and refilling at the end of 
the design period. Inflow to storage while regulating water is being released 
is neglected in these calculations and hence no amendment is required to the 
design hydrograph at the river abstraction point to allow for the impoundment 
of run-off from a part of its catchment. A 15% deduction from gross storage has 
been made to cover regulation losses, dead water and compensation flow which may 
be required immediately downstream of a reservoir when no regulating releases 
are required at the abstraction point. 

25. In the diagrams IX/7-24 there is first given for each river a 

curve of maintained flow versus effective releases based upon individual 
hydrological assessments. The second set of curves for each river are the 
standard yield curves for inland abstraction points, and tidal barrier curves 
where appropriate. In the latter case the effect of existing development is 
taken into account in defining the 'new' net yield curves. 

26. In the Schedules II accompanying each set of curves the gross stor- 
age is listed at a variety of potential sites and the corresponding 

effective releases. From the latter the corresponding maintainable tiow or 
yield to supply may be read off the curves. 

27. Because the linear yield assessment discounts the effects of the order of 
developments specific yields can be attributed to every site regulating 

river flows at an inland abstraction point and these yields are tabulated in 
the schedules. Where there is a possibility of a tidal barrier being con- 
structed, at or below the tidal limit, the additional increments of yield to 
supply resulting from the reduction of residual flow requirements are dependent 
upon the order of development. These additional increments have been tabulated 
against the first storages in the schedules on the assumption that they will be 
the first to be developed. If the order of development is changed the tidal 
barrier increments have to be re-assessed by reading off the yield from the tidal 
barrier curve against the effective releases of the particular sites. 
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28. Thus, for example, on the Biver Leven scheme L2. *l“Ster, the first and 

cheapest scheme scheduled, with effective releases of 10 200 million gallons 
would enable a yield of 60 m.g.d. to be drawn from the River Leven at an 
abstraction point above the tidal limit. If a tidal barrier were t en con- 
structed an additional yield of 21 m.g.d. would be made available bringing the 
total yield of the scheme up to 81 m.g.d. If. for other reasons, the storage 
at Wirister could not be developed then the tidal barrier increment would accrue 
to the next scheme in the schedule (L3, Killington) making the total yield of 
that scheme above a tidal barrier 83 m.g.d. 



29. Certain large pumped storage reservoirs which could readily be filled from 
two or more rivers have been notionally divided in the schedules, a portion 

of the capacity being listed under each river. Furthermore, certain storage 
sites listed for one river may alternatively be used, without changing the 
filling arrangements, to balance flows in another within the range of development 
indicated for the latter. Thus Lancashire scheme L28, Hellifield, which yields 
89 m.g.d. on the River Ribble would have a similar yield on the Yorkshire Ouse 
system {by discharge into the River Wharfe), or the same total yield if divided 
equally between the two river systems. 

30. This result follows automatically from the straight line yiela/storage 
relationship, hut in practice spreading a given storage capacity over two 

or more rivers used in parallel or in series will result in a smaller degree 
of regulation on each, and will probably give a greater total yield (paragraphs 
20 and 21 above). Such compound regulation will deserve consideration, of 
course, when specific projects are analysed in detail. An example which may 
offer worthwhile gains is the use of Morecambe Bay storage to balance flows in 
the Lune, Bibble and the Yorkshire Ouse system as well as the flows of its 
feeder rivers. 



31. In the Morecambe Bay Desk Study the yield from 55,000 million gallons of 
storage was assessed at 500 m.g.d. This amount of net storage would yield 

about 340 m.g.d. if spread over the River Leven and River Kent tidal barrier 
curves (plus a proportionate increase for minor rivers feeding the reservoir) 
but about 420 m.g.d. if also spread over the River Lune. 

32. There may be a case for less stringent residual flow requirements through 
a barrage across the Bay than near the tidal limits, although for the 

alternative arrangement of pumped storage lagoons it would be reasonable to 
apply the 'tidal barrier’ yield curves. Bearing this in mind, together with the 
point noted in paragraph 30 and the possibility of variations in the net volume 
of storage, we have adopted an intermediate yield figure of 450 m.g.d. and 
assumed that this will correspond with the average of the cost estimates made in 
the Desk Study. 

33. In certain cases the effect of using existing reservoirs in different ways 
has been indicated. Substantial economic benefits may often be available 

from the conjunctive use of existing and new sources e.g, by drawing upon storage 
in an existing direct supply reservoir or storage developed underground to 
balance abstractions from other surface sources. In Lancashire schemes L14, 23 
and 26 existing storage in Stocks reservoir together with storage developed 
underground in the Fylde is used in this way to balance abstractions from the 
Lancashire rivers producing a net gain in yield of 15 m.g.d. On preliminary 
estimates of costs these schemes appear to offer cheaper supplies for this area 
than do any other possible developments. 

34. Scheme D1 in the Dee & Clwyd Area involves the use of a new reservoir at 
Brenig, which would greatly over-reservoir its own catchment, in conjunction 

with existing storage in Bala Lake and Llyn Celyn whose catchments are 
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comparatively under-reservoired. Such use, in which the existing reservoirs 
would be drawn down before the new one, would give a yield greater than the 
schemes would yield independently. 

35. Northumbrian schemes 11 and 17 show that converting the existing Derwent 
Reservoir to regulation (in stages) would be equivalent to finding 

5,000 m. g. of new effective releases and would bring a net gain in yield of 
29 m.g.d. However, it should not be overlooked that although a net gain of 
29 m.g.d. is thus obtained the increased yield of 54 m.g.d. would be obtained 
near the mouth of the River Wear and the loss of the 25 m.g.d. of direct supply 
would have to be made good by pumping from there. In this case the necessary 
duplication of treatment plant and pipelines involved in maintaining the existing 
supply would appear to impose a heavy cost penalty on the second stage of the 
conversion. In some of the other cases listed, however • for instance, the Fylde 
Schemes - the operating economies which could be achieved in average years by 
always drawing first on the cheapest source in the integrated system may lead to 
average unit costs somewhat lower than those we have listed. These economies 
will depend upon the formulation of operating rules for the complete system, 
taking account of the locations and capacities of aqueducts and treatment works. 

36. In preparing the schedules of storages and yields and in drawing up pro- 
grammes of development no distinction has been made between schemes which 

regulate the rivers by release of water from storage located in the headwaters, 
and schemes where storage is used merely to balance abstractions from a river 
system, and where it may be impracticable to arrange that any significant 
length of the source river benefits from enhanced flows during the regulation 
period. In some instances the storage may not even be located in the same 
river basin, e.g. Kiliington ‘regulating’ the River Leven (Lancashire Schedule 
II River Leven); underground storage in the Fylde balancing abstractions from 
the River Lune (Lancashire Schedule II River Lune). Nevertheless for all these 
schemes the same yield/storage rules have been applied, and in balancing schemes 
(as distinct from true regulation schemes) the proportion of effective storage 
which is implicitly assigned to improvement of residual river flows may help to 
offset more rigorous abstraction conditions. 

37. Summary Table II contains alternative evaluations of the potential storage 
sites from Schedules II, when used as direct supply reservoirs. Since the 

storage is now being used to balance the run-off from its own catchment - 
usually an upland catchment of comparatively limited area • the gross yields 
obtainable in this way will generally be less than the corresponding regulated 
yields from the same storage. Additionally a proportion of the gross yield 
would have to be deducted for compensation water requirements which have not 
yet been determined, 

38. In certain cases the potential storage exceeds the storage required to 
balance the run-off in a three-dry-year period and to maintain a constant 

direct supply. Consideration of refilling periods exceeding three years cannot 
generally be justified in view of the uncertainty of the basic hydrological data 
available. Developments have therefore been limited to the three-year balancing 
storage and are thus comparable with the yield assessments derived for regulated 
river supplies. 

39. In the course of investigations into regulated river supplies generalised 
curves of minimum accumulated run-off were derived as a function of long 

average rainfall. Using these curves theoretical storage requirements and gross 
yields of direct supply reservoirs were calculated in terms of catchment area 
and long average rainfall. Ineffective storage below lowest draw-off level was 
taken as 5% of required effective storage and compensation water requirements 
were assumed to absorb 30% of gross yield, with summer and winter compensation 
flows in the ratio of 2:1. 
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40. On these assumptions gross storage/net yield curves were derived as in 
Diagram IX/6 which also shows for comparison the corresponding net yields 

calculated for the same gross storage using the Lapworth Qiart (Manual of 
British Water Engineering Practice, 3rd Edition - Chart A Chapter 3). The yield/ 
storage curves denoted by the unbroken line in Diagram IX/6 have been used to 
evaluate the direct supply yield of all the storages listed in Summary Table II. 

41. It must be emphasised that all the yield assessments have been derived to 
suit the purposes of this essentially comparative exercise. The yields 

assessed from the curves are only approximate because of the uncertainties 
about available gross storage pending investigation of sites, the limited 
hydrological analysis and the inherent approximations in the use of generalised 
relationships between maintainable flows and available regulating storage. 

42. The severity of weather conditions governing the definition of ‘reliable 
yield’ is thought to be roughly consistent throughout the lists, but in view 

of the uncertainties mentioned it would be pointless to relate these yields to 
a specific annual probability of failure. Moreover, it is considered that in 
further analysis of a more limited range of schemes this parameter should be 
expressed in terms of the relationship between yield and the degree of failure 
to provide that yield continuously. Account should be taken at the same time 
of the frequency with which demand will match this yield, i.e. of the lower 
probability of failure, other things being equal, in the course of programmes 
which are burdened with more redundant capacity. 
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Maintainable Flow minus Minimum Flow Curves 
as plotted from the River Authority Curves 
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Maintainable Flow minus Minimum Flow 
and Yield Curves for Inland Abstraction Points 
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Yield as ^/o Average Daily Flow 



Diag. IX / 3 

Yie I d / Storage Relationship 
for Inland Abstraction Points 




Effective Releases as °/o Average Annual Flow 



213 

Printed image digitised by the University of Southampton Library Digitisation Unit 



Diag. IX / 4 



Maintainable Flow minus Minimum Flow 
and Yield Curves for Tidal Barrier Abstraction Points 
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Yield / Storage Relationship 
for Tidal Barrier Abstraction Points 
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NORTHUMBRIAN R.A. 

R. Coquet at Guyzance average daily flow 195 m.gd. 





Printed image digitised by the University of Southampton Library Digitisation Unit 



Yield — m.g.d. Maintainable Flow — m.g.d. 



Diag. IZ / 8 

NORTHUMBRIAN R.A. 





Printed image digitised by the University of Southampton Libra?ik^)igitisation Unit 



Yield — tn.g.d. Maintainable Flow — m.g.d. 



NORTHUMBRIAN R.A. 



Diag. DC / 9 



R. Wear at Croxdale average daily flow 210 m.g.d. 
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R.Tees at Low Worsall average daily flow 352m.gd. 
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Yield — m.g.d. Maintainable Flow — m.g.d. 



Diag. ffi/U 



YORKSHIRE OUSE AND HULL R.A. 

R.Wharfe at Flint Mill average daily flow 308 m.g.d. 
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Yield — m.g.d. Maintainable Flow — m.g.d. 



Diag. n/12 YORKSHIRE OUSE AND HULL R.A. 

R. Ouse at Cawood average daily flow 1400 mg.d. 
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Yield m.g.d. Maintainable Flow— m.g.d. 



YORKSHIRE OUSE AND HULL R.A. 

R. Derwent at Stamford Bridge average daily now 273 m.g.d. 
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Diag. H:/14 



DEE AND CLWYD R.A. 



R. Clwyd at Pont— y— Cambwll average daily flow 126 m.g.d. 
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Yield — m.g.d. Maintainable Flow — m.g.d. 



DEE AND CLWYD R.A. 



Diag 12/15 
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Oiag. E /16 



LANCASHIRE R.A. 



R. Ribble at Hodder Foot average daily flow 406m^d. 
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Yield — m.g.d. Maintainable Flow — m.g.d. 



Diag. IX/17 



LANCASHIRE R.A. 

R. Wyre at St. Michaels average daily flow 125 m.g.d. 
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Yield — m.g.d. Maintainable Flow m.g.d. 



Diag. u/l8 



LANCASHIRE R.A. 

R. Lune at Halton average daily flow 655m.g.d. 





Yield — m.g.d. Maintainable Flow — m.g.d. 



LANCASHIRE R.A. Diag n/i9 

R.Kent at Arnside Viaduct average daily flow 320 m.g.d. 
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Diag. 12/20 



LANCASHIRE R.A. 



R. Leven at GrBanodd average daily flow 388 m.g.d. 





Yield — m.g.d. Maintainable Flow — m.g.d. 



LANCASHIRE R.A. 



Oiag, IX/21 





Yield m.g.d. Maintainable Flow — m.g.d. 



Diaj. IZ/22 



CUMBERLAND R.A. 



R. Calder, Bleng and Irt average daily flow 140 m.g.d. 
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Yield — m.g.d. Maintainable Flow — m.g.d. 



CUMBERLAND R.A. 



Diag, rX/23 





Yield — m.g.d. Maintainable Flow 



Diag. 12/24 



CUMBERLAND R.A. 



R. Eden at Carlisle average daily now 9 so mg.d. 
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APPENDIX X: ANALYSIS OF PROGBAMME COSTS 



1. Appendix IX contains particulars, including estimated costs, 

rcLurces which can be made available to meet needs in the north. These 
have been assembled into water conservation programmes, =;=«tal of which have 
been summarised in Chapter 7. In this Appendix we describe the evolution of 
these programmes in rather more detail and explain how the costs have been 
processed to facilitate comparison. 



2 It has been the object of these studies to determine the least costly way 
in which sources of a certain kind could be developed and linked up into a 
system to serve the needs of the north as a whole - expressed in terms of future 
need at thirteen centres - and to compare this with the least costly way in which 
we could use sources selected according to some other criterion - for instance 
inland sources on the one hand and estuary sources on the other. 



3. Comparisons have been made in this way because when one is free to 
‘optimise’ the use of water resources over a whole region - sharing the use 

of a given source widely for a time, superseding this with a different set of 
allocations when a new source is brought into service, perhaps using a linking 
aqueduct for different purposes from time to time - it is no longer sufficient 
to assess the merits of sources one by one. One must assess the merits of a 
network and of the programme which brings the network into being. 

4. Most of the programmes are designed to meet a fixed pattern of future 
demands and our comparisons show their relative effectiveness, in terms of 

cost, for doing this. Our terms of reference have not required us to assess the 
benefit to the community of meeting expected demands for water or to assess how 
the general demand for water might respond to a cuange in its price. 

5. It is of course theoretically possible that a wide ranging economic study 
would lead to the conclusion that water demands are being met at too great 

a cost in relation to the community’s other needs. But the techniques which 
would enable us to test this theory have not yet been established and for 
reasons touched on in our introductory chapter - in particular that we foresee 
no significant change in the real costs of water - we do not think that it would 
have any important consequences in this field. 

6. We have, however, run some programmes for different levels of demand to 
test the sensitivity of our conclusions to errors in the demand estimates. 

And in the case of certain industrial demands - especially heavy cooling water 
demands by riparian industry - which will clearly be sensitive to possible price 
changes in certain localities, we have assumed that by and large these will grow 
where cheaper water is readily available. 



7. The various schemes will affect the environment and other river users in 
different ways and final comparisons must take this into account. The 
difficulties of assessing possible supplementary benefits and losses are 
reviewed in Chapter 6 and Appendix VI; reliable techniques do not yet exist for 
quantifying these items as between one set of schemes and another. It would 
therefore be misleading to attempt to arrive at some arithmetical total of net 
benefits to set beside the costs of each strategy; instead, an array of cost 
differences has been given so that the cost implications of various choices can 
be seen. 
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fi. If and when convincing studies of supplementary benefits and costs are 

made - perhaps for the estuary schemes - these can most easily be integrated 
into the ‘cost-effectiveness’ study of the water resources network itself by 
adjusting the costs of schemes to take account of any net surplus of non-water 
benefits or costs. This should enable valid comparisons to be made without in any 
way prejudicing the question of how the costs of such a scheme will be s are out 
in due course. 

9. Growth of demand has been estimated to the end of the century. Since the 
schemes considered are of widely varying sizes, however, the inci ence o 

expenditure over this period will vary widely between different programmes. 

Some will call for investment in relatively few large instalments and will carry 
a lot of surplus capacity in between; others will call for gradual expenditure 
more closely matching the growth of demand. Moreover, the capacity in some 
programmes will inevitably overlap the end of the period. 

10. To meet these problems and to enable us to make valid comparisons Oj. costs 
incurred at different dates we have used the technique of present value 

discounting, taking 1970 as the base date and using the discount rate of 8% P'®‘ 
recommended by the Government in the \Vliite Paper ‘Nationalised Industries 
Review of Economic and Financial Objectives’ : Cmnd 3437. In other words, we 
have converted all expenditures to their 1970 value by substituting the sura 
which, invested in 1970 at B% compound interest, would realise the required 
amounts by the expenditure dates. 

11. It is perhaps worth emphasising here that this is an exercise in the 
optimum use of real resources - labour and materials - for water resource 

development in the north as a whole. It is not concerned with the optimum 
arrangements for a part of the region, if at the expense of thewhole; still 
less is it concerned with the arrangements for financing expenditure or t e 
interest rate payable by any promoting authority. Indeed, its specific object 
is to identify the merits of each long-term programme for the community as a 
whole irrespective of the nature of the promoting body and of the terras on which 
each item is financed. These matters will of course require consideration at the 
proper stage; but such consideration cannot offer guidance on the long-term 
commitment of real resources. 

12. The discount rate is a measure of the preference for deferring expenditure 
to another day, so releasing more of to-day’s resources for other worthwhile 

ventures. Its ultimate function is to help allocate investment most wisely and 
most fruitfully over the whole field and to this end it is most important that a 
common rate be used in similar circumstances. Nevertheless, changes are 
possible in the assessment of the proper rate even for the long term and 
accordingly we have tested the effect on some of our programmes of substituting 
rates other than 8%. 

13. Another point which deserves some comment is the changing level of prices. 
General price changes have no relevance to the commitment of real resources: 

a general price rise is better regarded simply as a shrinkage of the unit of 
measurement - virtually a translation to another currency unit. We have 
expressed all our costs in terras of the fixed unit which we have called the £p - 
i.e. in terms of the present price level. Relative price movements, on the 
other hand, might affect the relative real costs of programmes and we have 
tested this to some degree by radically varying the price of electric power 
relatively to other prices. 
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14. Provided that we could compare various patterns of schemes all of which 
would meet the growth of need until the year 2001 exactly, and continue to 

meet the pre-2001 sector thereafter, comparison of their costs in this way would 
suffice. Where there are large discrepancies between programmes, however, the 
result bears unfairly on schemes which have much residual ‘growth-capacity’ after 
2001. If the growth in demand were extrapolated until the ‘growth-capacity’ of 
each programme was exhausted there would no longer be a common basis of 
comparison between programmes: i.e. some programmes would cover a longer period 

of growth than others. 

15. One way of dealing with this is to determine the ratio of ‘present value’ 
of expenditures and ‘present value’ of the demands during the period 

analysed, i.e. future water demands are reduced to an equivalent 1970 value by 
discounting their worth at 8% per annum compound interest in the same way as we 
discount expenditures and the ratio of the two discounted amounts is determined - 
the unit present value^. 

16. As a variant on this the cost and demand ‘ceilings’ reached, when the growth 
potential of any programme is exhausted, may be continued level to 

perpetuity before reduction to present value, allowing for regular replacements 
of assets at due dates. 

17. An alternative procedure would be to curtail the outlay on overlapping items 
either by arbitrarily reducing their size, by taking account only of capital 

charges due by 2001, or by allocating a ‘salvage value’ at that date. 

18. It is considered that the simplest procedure is to scale down the output and 
cost of each terminal scheme pro rata to that required in 2001. In effect 

this' implies that demand will go on growing and that the remainder of expenditure 
on large schemes will yield returns in due course. This procedure does not 
furnish an exact comparison but minor discrepancies towards the end of the 
programme will not distort the results appreciably. 

19. Before comparing the more favourable programmes of development in this way 
a preliminary sorting of schemes was done by determining firstly for each 

regulated river basin and subsequently for each conservation scheme a typical 
conservation cost per thousand gallons of yield and typical treatment and 
conveyance costs to each demand centre. 

20. The unit conservation costs were based on estimates of the cost of storage 
works and assumed conditions for abstraction of water to supply; they ranged 

from less than one penny to 20 pence per thousand gallons of yield at full output. 
For bulk treatment and delivery the overall treatment costs ranged from 2^A pence 
to 6 pence per thousand gallons, capital cost of large aqueducts (say, 72 inch 
diameter) was put at one penny per thousand gallons per ten miles of delivery and 
overall pumping cost at one penny per thousand gallons per hundred feet of lift. 
These rates are analysed and considered in greater detail in Appendix VIII. 

21. As will be seen from Appendix VIII, the unit rates for various works allow 
for capital charges based on a 6^o rate of interest and the usual loan 

periods (equated with asset replacement periods) for public works borrowing and 
they may readily be compared with those adopted in a number of current reports 
on water engineering works. On the other hand, subsequent analyses in which 
actual outlays are discounted at 8% will not reflect exactly the results of 
these preliminary analyses based on conventional unit rates. 



1. Svch a device was used in the Dee Crossing Study . Phase 1. H.U.S.O. 1967. 
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22. By linking sources and demand centres in all possible patterns the overall 
costs of operating each pattern to meet the assumed demand at each centre 

at certain target dates - 1981, 1991 and 2001 - could be compared and the least 
costly 

arrangements determined. This was done, using a simple computer programme, 
and it gave a general idea of the overall daily costs of a regional conservation 
and delivery system at full stretch (e.g. a year such as 2001) and the extra 
costs of departing from the optimum free choice - e.g. by eliminating small 
conservation schemes in an effort to reduce numbers of schemes, by proscribing 
development in national parks and areas of outstanding natural beauty - and so on. 

23. The first general analyses were confined to a series of selections of source 
rivers to meet the public water supply deficiency with varying constraints 

imposed against rivers preferred in the preceding selections. The delivered 
water costs used in these analyses were based upon a mean conservation cost for 
each complete river basin and a mean treatment cost of 454 pence per thousand 
gallons. A summary of results together with some typical data sheets is given 
in Tables X/2 and X/3. 

24. The analyses underlined the obvious importance of transmission costs and 
indicated that the demands could be met at the year 2001 at an average 

price, in terms of conventional unit costs, of between 18 and 24 pence per 
thousand gallons of water delivered into terminal storage at thirteen notional 
demand centres. The relatively narrow price differential, with a wide range of 
source constraints, also indicated the need for a close scrutiny of cost elements 
where significant differentials might exist, such as the cost of treatment of 
river supplies for particular destinations. 

25. Further selections were made of minimum cost solutions using the data for 
individual source works, including estuary works, given in Summary Tables I 

and II of Appendix IX in which the delivered water cost includes weightings for 
special treatment (see Appendix IV). Constraints were imposed to produce a 
variety of alternative solutions as indicated in para. 2 and average costs 
ranged from under 18 pence per thousand gallons for the optimum free choice to 
23 pence for a system making the maximum use of the three estuary sources (Dee, 
Morecambe, Solway). The form in which results were obtained is indicated in 
Table X/5 and a summary of the computer selections is given in Table X/4. 

26. Apart from giving these crude indications of the effectiveness of alterna- 
tive solutions the computer analyses were a useful guide to the selection 

of sources to serve Lancashire and Yorkshire where the heaviest demands were 
concentrated and for which the relative merits of various sources were by no 
means obvious. In addition it was noticeable that the minimum cost solutions 
for systems of inland developments would require considerable flexibility in 
the use of resources, so that large sources with favourable conservation costs 
could be deployed over a wide distribution area and re-deployed to different 
destinations at later dates. 



27. Computer programs were not readily to hand, nor were we able to develop 

satisfactory ‘short-cuts’, to weight the system of choice for periods when 
large schemes had redundant capacity, to build continuity into the growth of 
the systems or to give credit for adaptability to change, although several 
devices were considered. We were thus unable to continue to analyse the system 
on a completely general basis so as to determine which of the possible 
programmes of development would involve the least overall cost in present value 
terms and the penalties of departing from this optimum. 
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28. Such a general analysis remains the ideal, of course. It should take 
account of the differing probabilities of failure to meet demand which are 

inherent in the various types of programme. This is a function not only of 
their hydrological characteristics but also of their redundant capacities and of 
their flexibility for coping with variations in the pattern of demand. 

29. From this point onward resort has therefore been made to comparison of a 
limited number of selected programmes, made up in the light of the general 

analysis described above. Programmes to meet estimated regional needs to 2001 
have been developed and costed to give both arithmetical and ‘present value’ 
(1970) totals in accordance with the ground rules given earlier. The projected 
annual outlays have been plotted against time in arithmetical and present value 
(distorted) plots to give visual comparisons of effective outlay in terms of the 
areas under the curves (Figs. L-lO(c)). 

30. For each of the selected programmes of development discussed in Chapter 7 
the cost pattern has been built up by taking into account the actual 

incidence of each capital outlay and the annual expenditure on power and 
maintenance. The cost elements do not correspond exactly with the simple unit 
rates we used earlier for water conservation and movement because more account 
has been taken of such things as probable pipe size (the unit rate of one penny 
per thousand gallons per 10 miles for 72" aqueduct being roughly doubled for 36" 
and trebled for 24" aqueduct), and the scale effect - diminishing unit cost with 
increasing size - of most items of civil engineering construction (see 
Appendix VIII). 

31. Pipes have been replicated at optimum intervals of ten to twelve years (as 
was implied in the overall unit rate for movement in 72" pipes) and other 

equipment is assumed replicated at roughly optimised intervals. Conservation 
works (dams) have been assumed staged where this would be cheaper in present 
value terms. The problem of residual growth capacity in any pattern at the end 
of the century has been dealt with as indicated in para. 18 above, i.e. by 
determining the proportion of yield of the last scheme needed to reach the year 
2001 and taking a similar proportion of its cost. 

32. For the present value* calculations all operating costs have been projected 
in perpetuity at level rates after 2001 and allowance has been made for 

renewing capital assets periodically in perpetuity: this irons out discrepancies 

arising from the relative newness of certain works in 2001. (This cannot be 
done with arithmetic totals of outlay, of course, since they do not converge to 
limited amounts. ) 



33. The total expenditures on four of the programmes have also been discounted 
at 5% and 11% to give the values tabulated below: - 
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Tne tabulation indicates that the order of selection of these different 
strategies is not affected by varying tiie discount rate. 

34. The effect of a substantial change in relative prices on these four 
programmes has also been investigated by considering: 

(a) a gradual reduction in electrical power cost linearly to half of its 
present rate by 2001 and maintaining it level thereafter; 

or conversely 

(b) a gradual increase in power cost to twice its present rate by 2001 
and maintaining it level thereafter. 

Applying these variations to the programmes listed below is not a simple matter 
of varying the total costs of power consumed. With increasing power costs 
economic pumping velocities are lowered and pipeline optimum sizes are increased 
for a given discharge and the whole of the transmission network should be 
re-calculated and re-costed. The effect of these variations has been assessed 
by sample calculations on representative nests of mains and the resultant mean 
variations in total transmission cost applied to the original programme costs to 
give the results tabulated below: - 







Programme Costs £p million 


Profi. 

No. 


Descri pt ion 


Pel ati ve 
Costs 
Unchanged 


Power Costs 
halved at 
2001 


Power Costs 
Doubled at 
2001 






Total 

Outlay 


1970 

Value 


Total 

Outlay 


1970 

Value 


Total 
Outi ay 


1970 

Value 


1 


Direct Supply - Free selection 
of inland reservoirs 


426 


159 


417 


155 


451 




168 


3 


River Rficulated SvRtRms 
Inland reservoirs outside 
National Parks 


372 


132 


356 


125 


415 




146 


5 


Eight large inland reservoirs 


3B0 


136 


363 


129 


425 




150 


9 


One estuary (MorecamOe) 


409 


143 


388 


134 


465 




161 



35. Again, as in the comparisons made with varying discount rates, the relative 
price change has not changed the order of selection of programmes and 

hence the comparisons in Chapter 7 based on fixed relative prices are not 
invalidated. As might be expected the variation has had little relative effect 
on comparisons in the last three programmes whose transmission systems are more 
nearly comparable, and the most marked change is that a relative increase in 
the price of power has narrowed the gap between these three and the direct supply 
solution which has a lower power element. 

36. In Chapter 1 paras. 11 and 12 reference was made to the uncertainties 
inherent in estimating future demands and the possible repercussions on any 

long term strategy. The effect of a marked shift in demands east or west of the 
Pennines has been investigated by 

(a) artificially reducing demands in the north east by about 100 m.g.d. at 
2001 and imposing an equal additional demand at Chester at the same 
date; 
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and conversely 

(b) artificially reducing demands at Chester and Flint/Denbigh by 

100 m.g.d. at 2001 and imposing an equal additional demand in the north 
east. 

Basic programmes 1, 3, 5 and 9 have been modified to allow for these variations 
in demands with the results tabulated below. 









Programme Costs £p mil lie 






Prog. 

No. 


Description 


Basic 

Programme 


Balance of 
demand shifted 
to the west 


Balance of 
demand shifted 
to the east 






Total 
Cut] ay 


1970 

Value 


Total 

Outlay 


1970 

Value 


Total 

Outlay 


1970 

Value 


1 


Direct supply - Free 
selection of inland 
reservo i rs 

River Reniilaterl .Sv<5fpmc 


426 


159 


440 


165 


431 


160^ 




Inland reservoirs 
outside National Parks 


372 


132 


387 


136 


363 


128 


5 


Eight large inland 
reservoirs 


380 


136 


405 


140 


360 


129 


9 


One estuary (Morecambe) 


409 


143 


413 


143 


396 


136 



The tabulation indicates that these substantial demand variations would not 
have changed the order of selection. 



37. Given the flexibility of deployment of resources which is considered to be 
an essential part of any long term plan, the development of the system 

could be adapted to cope with variations of this order in the estimated demands 
at 2001. Lack of such flexibility would defeat this objective and bring 
penalties in needless expenditure. An example of rigidity in planning has been 
investigated by considering the development of a least cost programme equivalent 
to programme No. 2 - a free selection from all inland sources - but with 
individual sources tied solely to individual demand districts. The total outlay 
would be £8 million more and the total discounted cost £12 million more than that 
of the flexible least cost solution. 

38. For the ten basic programmes we have given in this appendix; 

(a) diagrams indicating the strategy of development at 2001 and in some 
cases for intermediate dates at which there is a re-allocation of 
resources within the programme; 

(b) demand/resources graphs, showing the dates of development of the 
individual sources included in the programme; 

(c) graphs of actual and of discounted annual expenditure. 

39. In Table X/5 we have given a summary of the estimated costs of the 
programmes described in Chapter 7 and have indicated: 



XJemand shift restricted to 70 m.g.d. by disposition of available sources. 
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(a) arithmetic sum of outlays to 2001; 

(b) ratio of (a) to sum of quantities delivered by 2001 {mean unit cost); 

(c) ‘Present’ (i.e. 1970) value of all outlays to perpetuity; 

(U) ratio of (c) to sum of discounted deliveries to perpetuity (present 
value unit cost or ‘1970 unit value’). 

40. It should be borne in mind that; 

(a) All the costs quoted relate to a regional convervation , treatment and 
bulk delivery system for water. They cover costs to a terminal 
storage reservoir in each of thirteen major ‘demand centres’ in the 
north; they do not cover distribution from such centres. 

(b) The costs take no account of continued growth of demand after 2001 
(projections to perpetuity are fiat). 
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SELECTED 



COMPUTER ANALYSES 



NOTES 

1. The following Tables X/I-X/4 contain summaries and abstracts of the computer 
selections described in the Appendix paras. 2^-26. It should be noted that 

the demands at the thirteen notional delivery points used for this purpose do not 
correspond exactly with the final deficiencies summarised in Table H of Chapter 5 
nor do all the yields and costs correspond exactly with those given in Schedules 
II and Summary Table I of Appendix IX. These preliminary analyses of 
resource allocations were commenced using provisional estimates of final 
deficiencies and conservation costs while the survey of demands and resources was 
still in progress. Subsequent modifications have introduced differences in 
detail but final demands and delivered water costs have not varied sufficiently 
to invalidate comparisons between the overall unit costs of completed systems of 
developments derived from the different methods of analysis. 

2. Table X/3 also includes summaries of selections of resources to meet 
different patterns of demand to indicate the effect upon resource selection 

and overall unit cost of varying assumptions about the growth of industrial 
demand or the development of isolated sources. Strictly comparable detailed 
conservation programmes are not available as the analysis indicated the need for 
a more searching test of the sensitivity of the comparisons made in Chapter 7 to 
wider variations in the demand pattern. (Appendix X, para. 36). 
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SUMMAHY TABLE X/1 



COMPUTER SELECTIONS OF SOURCE RIVERS 



Case 

No. 


Rivers and available yields 
in tn.g.d. 


Total 
avail able 
Yield 

tn.g.d. 


Total 
Suppi i es 

m.Q.d. 


Date 


Cost 

' OOOd/ day 


Cost 

d/1000 gals. 


0 


270 Tyne. 73 wear, 238 Ouse. 


1.658 


138 


1981 


2.341 


16.9 




45 Derwent. IIQ Dee, ISO Ribble, 




421 


1991 


7.372 






205 Lune. 167 Kent. 170 Leven. 




719 


2001 


12,869 






216 Cumber'd. Derwent. 14 Clwyd 












1 




1,320 


138 


1981 


2,423 


17.6 








421 


1991 




19.5 








719 


2001 


14,794 


20.6 


2 


As case 0 but omit Ribble 


1,508 


138 


1981 


2,463 


18.0 








421 


1991 


7,910 


18.7 








719 


2001 


13.805 


19.3 


3 


As case 0 but omit Lune and 


1,303 


138 


1981 


2,487 


18.0 








421 


1991 


7,990 










719 


2001 


13,949 


15.4 


4 


As case 0 but omit Lune. Ribble 


1, 136 


138 


1981 


2,559 


18.6 








421 


1991 




19.5 








719 


2001 




20.1 


5 


As case 0 but omit Ouse and 


1.270 


138 


1981 


2.545 


18.4 








421 


1991 


8,841 


21.0 








719 


2001 


15,730 


21.9 




As case 0 but omit Ouse, Ribble 


1.065 


138 


1981 


2,569 


18.6 








421 


1991 


8,921 


21.2 








719 


2001 


15,874 


22.1 


7 


As case 0 but omit Ouse, Ribble, 


898 


138 


1981 


2,641 


19.2 




Lune and Kent 




421 


1991 


9,161 


21.7 








719 


2001 


16,358 
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TABLE X/2 

EXAMPLE OF COMPUTER SELECTIONS OF SOURCE RIVERS 
Case 0 



River 


■o 

— ji 

< 


DESTiNATION AND SOURCES SELECTED 


~o 
« c 

a 0 

II 


Teessi de 


1 Hut 1 /Humbersi de 


West Riding (North) 


West Riding (South) 1 


1 


Chester 


Liverpool 


Manchester 


Preston 


Cumberland (N.W.) 


i 


Coquet (Guyzance) 

1981 

1991 

2001 


53 
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TABLE X/4 

EXAMPLE OF COMPUTER SELECTIONS OF INDIVIDUAL SOURCES 
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Inland Sources outside National Parks and Areas of Outstanding Natural Beauty 
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DIRECT SUPPLY SYSTEM 
2001 



Fig. No.1i 



Free Selection of Inland Reservoirs 



Transfer by Aqueduct 
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Fig. No . 1 b 



DEMAND / RESOURCES DEVELOPMENT 

Direct Supply System -Free Selection of Inland Reservoirs 
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Direct Supply System - Free Selection of Inland Reservoirs 



Fig. No.lc 
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REGULATED RIVER SYSTEMS 
2001 



Fig. No. 2a (iij) 



Free Selection of Inland Reservoirs 
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Fig. No. 2b 



demand/ RESOURCES DEVELOPMENT 

Free Selection of Inland Reservoirs 
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ACTUAL AND DISCOUNTED ANNUAL EXPENDITURES 



Fig.No.2c 
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Fig. No. 3 b . 



DEMAND / RESOURCES DEVELOPMENT 

Selected Inland Reservoirs outside National Parks 
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ACTUAL AND DISCOUNTED ANNUAL EXPENDITURES 

( CAPITAL, MAINTENANCE AND OPERATION) 



Fig. No. 3 C 
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Fig. No. 4b 



DEMAND j RESOURCES DEVELOPMENT 

Selected Inland Reservoirs outside National Parks 
Direct Supply to Manchester from Killington 
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Selected Inland Reservoirs outside National Parks 
Direct Supply to Manchester from Killington 



Fig. No.4c 



C/3 

UJ 

cc 

D 



D 

K 

O 

< 




spunod *o suoj||!|/vi — JBex □! ISOq |BiOi 



Printed image digitised by the University of Southampton Library Digitisation Unit 



1971 “ ‘ " 1981 1991 2001 2011 



Demand / Resources 



Fig, No 5b 



DEMAND / RESOURCES DEVELOPMENT 



Eight Large Inland Reservoirs 
mainly outside National Parks 
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ACTUAL AND DISCOUNTED ANNUAL EXPENDITURES 

( CAPITAL, MAINTENANCE AND OPERATION) 

Eight Large Inland Reservoirs 
mainly outside National Parks 



Fig. No. 5c 
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Fig, No. 6b 



DEMAND RESOURCES DEVELOPMENT 

Morecambe Dee and Solway Estuaries post 1981 
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ACTUAL AND DISCOUNTED ANNUAL EXPENDITURES 



Fig.No.6c 
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Fig. No . 7 b 



DEMAND j RESOURCES DEVELOPMENT 

Morecambe and Solway Estuaries post 1981 
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REGULATED RIVER SYSTEMS 
2001 



Fig. No. 8a 
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Fig. No, 8b 

demand/ RESOURCES DEVELOPMENT 

Morecambe and Dee Estuaries post 1981 
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REGULATED RIVER SYSTEMS 
2001 

(1981 Development similar to Programme No.3) 



Fig. No. 9a 
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Fig. No. 9b 



DEMAND / RESOURCES DEVELOPMENT 

Morecambe Estuary post 1981 
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ACTUAL AND DISCOUNTED ANNUAL EXPENDITURES 



Fig. No. 9c 
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Fig. No. 10 b 

DEMAND ! RESOURCES DEVELOPMENT 

Dee Estuary post 1981 
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WATER RESOURCES BOARD PUBLICATIONS 



No. 1 Water Supplies in South East England 1966 £3 3s. (out of print) 

No. 2 Morecambe Bay Barrage: Desk Study: Report of Consultants 1966 £1 2s. 6d. 

(23s. lOd.) 

No. 3 Solway Barrage: Desk Study; Report of Consultants 1966 16s. (17s. 2d.) 

No. 4 Morecambe and Solway Barrages : Report on Desk Studies 10s. 6d. (1 Is. 2d.) 

No. 5 Interim Report on Water Resources in the North 12s. (I2s. 8d.) 

No. 6 Report on Desalination for England and Wales 4s. (4s. 6d.) 

No. 7 Water Resources in the North: Northern Technical Working Party Report 
£9 10s. Od. ^ y 

No. 8 Water Resources in the North— Report by the Water Resources Board £1 I6s. Od. 

Prices in brackets include postage 
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